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PURPOSE: To align an exposure face of a 
photosensitive board with an image face of a projection 
optica! system with high precision in a projection aligner 
using a slit-scanning exposure system, 

CONSTITUTION: When a wafer is scanned being w (&3 



are obtained from the sample points AF21 to AF29 of a 
second row 25B on this side against the scanning 
direction and from the sample points AF 32 to AF38 in 
the field 24. On the other hand, when the wafer is 
scanned being exposed in a -Y-direction, the leveling 
and focusing are controlled based on the information on 

the focus positions which are obtained from the sample points AF41 to AF49 of a fourth row 
25D on this side against the scanning direction and from the sample points AF32 to AF38 in 
the field 24. 
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* NOTICES * 

JPO and XNPIT are not responsible for a^i^p 
damages caused by the use of this translation * 

I .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3 in the drawings, any words are not translated 



CLAIMS 



[Claim(s)] 

[Claim 1] The illumination-light study system wjii&h illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, Tha projection optics which projects the pattern of said mask 
in said lighting field on a sensitization substrate* It is prepared in the aligner which has the substrate side 
stage which scans said sensitization subst^ptonizing with said mask, It is field location 
equipment for doubling the exposure side of said sensitization substrate in parallel with the image 
surface of said projection optics. A multipoint measurement means to measure the height of a direction 
parallel to the optical axis of said projection optics of said sensifeation substrate in two or more measure 
points including two or more points of the direction which crosses in the direction in which said 
sensitization substrate is scanned, respectively, An operation means to ask for the difference of the tilt 
angle between the exposure side of said sensitization substrate, and the image surface of said projection 
optics from the measurement result of this multipoint measurement means, It is prepared in said 
substrate side stage, and is based on the difference of said tilt angle called for by said operation means, 
A speed of response in case it has the inclination setting stage which sets up the tilt angle of the direction 
which intersects perpendicularly in the tilt angle of the direction of said scan of said sensitization 
substrate, and the direction of said scan and this inclination setting stage sets up the tilt angle of the 
direction of said scan of said sensitization substrate, Field location equipment characterized by making 
the speed of responses when setting up the tilt angle of the direction which intersects perpendicularly 
towards said scan differ, 

[Claim 2] Said multipoint measurement means is field location equipment according to claim 1 
characterized by sampling the height of said sensitization substrate in said two or more measure points 
by the datum reference of said substrate side stage when said sensitization substrate is scanned through 
said substrate side stage. 

[Claim 3] Said multipoint measurement means is field location equipment according to claim I or 2 
characterized by measuring the height of said sensitization substrate, respectively in two or more 
measure points which consist of two or more points in the field of this side at the time of said 
sensitization substrate being scanned to the inside of two or more points in an exposure field [ **** ] 5 
and said exposure field [ **** ] about the lighting field and said projection optics of said predetermined 
configuration. 

[Claim 4] Said multipoint measurement means is field location equipment according to claim 1 
characterized by changing the location of the measure point of the sequential aforementioned plurality to 
one shot field of said sensitization substrate in the process which exposes the pattern of the sequential 
aforementioned mask. 

[Claim 5] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask 
in said lighting field on a sensitization substrate, It is prepared in the aligner which has the substrate side 
stage which scans said sensitization substrate synchronizing with said mask, It is field location 
equipment for doubling the height of the exposure side of said sensitization substrate with the image 
surface of said projection optics. In the predetermined measure point in the measurement field which 
consists of a field of this side at the time of said sensitization substrate being scanned to an exposure 
field [ **** ] and this exposure field about the lighting field and said projection optics of said 
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predetermined configuration A height measurement means to measure the height of a direction parallel 
to the optical axis of said projection optics of said sensitization substrate, An operation means to ask for 
the difference of the average height of the exposure side of said sensitization substrate, and the height of 
the image surface of said projection optics based on the maximum and the minimum value of two or 
more height measurement results obtained by said height measurement means when said sensitization 
substrate is scanned, Field location equipment characterized by having the height setting stage which 
sets up the height of said sensitization substrate based on the difference of said height which was 
prepared in said substrate side stage and found by said operation means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industry-like field of the invention] This invention is applied to the automatic focus device or auto 
leveling device of a projection aligner offer example, a slit scan exposure method, and relates to 
suitable field location equipment, 
[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or the 
thin film magnetic head is manufactured at a photolithography process, the projection aligner which 
imprints a photo mask or the pattern of a reticle (it is hereafter named a "reticle" generically) on the 
substrates (a wafer, glass plate, etc.) with which it was applied to sensitization material is used. As a 
conventional projection aligner, each shot field of a wafer was moved into the exposure field of 
projection optics one by one, and many contraction projection mold aligners (stepper) of the step-and- 
repeat method of exposing the pattern image of a reticle one by one to each shot field were used. 
[0003] Drawing, 20 shows the conventional stepper's important section, in this drawin g 20 , it is the basis 
of the exposure light EL from the illumination-light study system by which the illustration abbreviation 
was carried out, and projection exposure of the image of the pattern on a reticle 51 is carried out to each 
shot field on the wafer 53 with which the photoresist was applied through projection optics 52. A wafer 
53 is held on Z leveling stage 54, and Z leveling stage 54 is laid on wafer side X-Y stage 55, Wafer side 
X-Y stage 55 positions a wafer 53 in a flat surface (XY fiat surface) perpendicular to the optical axis 
AX1 of projection optics 52, and sets Z leveling stage 54 as the condition that the focal location 
(location of a direction parallel to an optical axis AX1) of the exposure side of a wafer 53 and the tilt 
angle of the exposure side were specified, 

[0004] Moreover, the migration mirror 56 is being fixed on Z leveling stage 54. The laser beam from the 
external laser interferometer 57 is reflected in the migration mirror 56, the X coordinate and Y 
coordinate of wafer side X-Y stage 55 are always detected by the laser interferometer 57, and these X 
coordinate and Y coordinate are supplied to the main control system 58. The main control system 58 
exposes the pattern image of a reticle 51 one by one to each shot field on a wafer 53 by the step-and- 
repeat method by controlling actuation of wafer side X-Y stage 55 and Z leveling stage 54 through a 
driving gear 59. 

[0005] Under the present circumstances, although the pattern formation side on a reticle 51 (reticle side) 
and the exposure side of a wafer 53 need to be conjugate about projection optics 52, a projection scale 
factor is high, and since the depth of focus is large, a reticle side is seldom changed. Then, generally, by 
the focal location detection system of the multipoint of an oblique-incidence mold, it detected whether 
the exposure side of a wafer 53 would have agreed within the limits of the depth of focus in the image 
surface of projection optics 52 (is it focusing or not?), and the focal location of the exposure side of a 
wafer 53 and control of a tilt angle were performed conventionally. 

[0006] In the focal location detection system of the conventional multipoint, the illumination light which 
does not expose the photoresist on a wafer 53 unlike the exposure light EL is drawn through the optical 
fiber bundle 60 from the source of the illumination light by w ? hich the illustration abbreviation was 
carried out. The illumination light injected from the optical fiber bundle 60 illuminates the pattern 
formation plate 62 through a condenser lens 61 . The illumination light which penetrated the pattern 
formation plate 62 is projected on the exposure side of a wafer 53 through a lens 63, a mirror 64, and the 
exposure objective lens 65, and projection image formation of the image of the pattern on the pattern 
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formation plate 62 is aslant carried out to the exposure side of a wafer 53 to an optical axis AXL The 
illumination light reflected with the wafer 53 Is re-projected on an electric eye 69 in a light-receiving 
side through the condensing objective lens 66 s the hand-of-cut diaphragm 67, and the image formation 
lens 68, and re-image formation of the image of the pattern on the pattern formation plate 62 is carried 
out to the light-receiving side of an electric In this case, the main control system 58 gives 

vibration like the after-mentioned to the hand-ofi&isi diaphragm 67 through excitation equipment 70, the 
detecting signal from many photo detectors of an electric eye 69 is supplied to a signal processor 71, and 
a signal processor 71 supplies the focal signal of a large number which carried out the synchronous 
detection of each detecting signal, and obtained it with the driving signal of excitation equipment 70 to 
the main control system 58. 

[0007] As drawing 21 (b) shows the opening pattern formed on the pattern formation plate 62 and shows 
it to this drawing 21 (b), on the pattern formation plate 62, the opening pattern 72-1 to 72-9 of the shape 
of nine slit is formed in the shape of a cross joint. Since those opening patterns 72-1 to 72-9 are 
irradiated from the direction which crosses at 45 degrees to the X-axis and a Y-axis to the exposure side 
of a wafer 53, each projection images AF1-AF9 of these openings pattern 72-1 to 72-9 in the exposure 
field of the projection optics 52 on the exposure side of a wafer 53 become arrangement as shown in 
drawing 21 (a)> In drawing 21 </A> fa), it is i nscrib ed in the circ ular lighting visual field of projection 
optics 52 , the maxim um exp osu re field 74 is formed, and the proj ection image of a slit-like opening 
pattern is projected on the center section in t he maximum exposure field 74, and the measur e points 
AF1-AF9 o n the two diag on al lines, respectivel y, 

[0008] As drawi ng 21 (c) shows the situation of the light-receiving side of an electric eye 69 and shows 
it to this drawing 21 (c), nine photo detectors 75-1 to 75-9 are arranged in the light-receiving side of an 
electric eye 69 at a cross-joint mold, and the gobo (illustration abbreviation) which has slit-like opening 
is arranged on each photo detector 75-1 to 75-9. And re-image formation of the image on each measure 
points AF [ AF1-] 9 of drawing 21 (a) is earned out on each photo detector 75-1 to 75-9 of an electric 
eye 69, respectively. In this case, the illumination light reflected in respect of exposure of the wafer 53 
of drawin g 20 (wafer side) Since it is reflected by the hand-of-cut diaphragm 67 which vibrates around a 
shaft almost perpendicular to the space of drawing 20 (rotational vibration) while existing in the pupil 
posion of the condensing objective lens 66, As shown in drawin g 21 (c), on an electric eye 69, it vibrates 
in the direction of RD whose location of the projection image by which re-image formation is carried out 
on each photo detector 75-1 - 75-9 is the cross direction of slit-like opening, 

[0009] Moreover, since the image of opening of the shape of a slit on each measure points AF [ AF1-] 9 
of drawing 21 (a) is aslant projected to the optical axis of projection optics 52, if the focal location of the 
exposure side of a wafer 53 changes, the re-image formation location on the electric eye 69 of these 
projection images will change in the direction of RD. Therefore, nine focal signals corresponding to the 
focal location of measure points AF1-AF9 are acquired within a signal processor 71, respectively by 
carrying out the synchronous detection of the detecting signal of each photo detector 75-1 to 75-9 by the 
excitation signal of the hand-of-cut diaphragm 67, respectively, And from the focal location of nine 
pieces, the tilt angle of the average field of the exposure field 74 and the focal location of the average 
field are called for, the main control system 58 is supplied, and the main control system 58 sets the focal 
location and tilt angle (leveling angle) of the shot field concerned of a wafer 53 as a predetermined value 
through a driving gear 59 and Z leveling stage 54, Thus, in the stepper, in each shot field of a wafer 53, a 
focal location and a tilt angle are in the condition of doubling with the image surface of projection optics 
52, and the pattern image of a reticle 51 was exposed, respectively. 
[0010] 

rProblem(s) to be Solved by the Invention] Since the pattern has made it detailed in a semiconductor 
device etc. in recent years, heightening the resolution of projection optics is called for. Although there is 
technique, such as short-wavelength-izing of the wavelength of exposure light or increase of the 
numerical aperture of projection optics, among the technique for heightening resolution, if it is going to 
secure the exposure field of same extent as the conventional example even when using which technique, 
it will become difficult to maintain image formation engine performance (distortion, curvature of field, 
etc) for a predetermined precision all over the exposure field. Then, the so-called projection aligner of a 
slit scan exposure method is improved now. 

[001 1] In the projection aligner of this slit scan exposure method, the pattern of that reticle is exposed on 
a wafer, synchronizing relatively and scanning a reticle and a wafer to the shape of a rectangle, and the 
lighting field (henceforth a "slit-like lighting field 5 ') of circular **. Therefore, the image was equalized in 
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the lighting field of the shape of said slit, and the field [ **** ], and there was an advantage that 
distortion precision improved. 

[0012] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of projection optics was 1/5 time, the magnitude of the reticle 
in a basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with large area- 
ization of circuit patterns, such as a semiconductor device. Therefore, it is necessarv to design the 
projection aligner which changed the projection scale factor of projection optics 1/4 time. And the slit 
scan exposure method which can make small the diameter of the exposure field of projection optics to 
large-area-izing of such a transferred pattern is advantageous also in a cost side. 
[0013] In the projection aligner of this slit scan exposure method, since the wafer was scanned in the 
predetermined direction even if it applies the focal location detection system of the multipoint mold used 
by the conventional stepper as it is and measures the focal location and tilt angle of an exposure side on 
a wafer, there was un-arranging [ that it was difficult to double an actual exposure side with the image 
surface of projection optics ]. That is, the probability of the technique for doubling the focal location and 
tilt angle of a wafer with the image surface of projection optics in the projection aligner of a slit scan 
exposure method conventionally was not carried out, 

[0014] This invention aims at offering the field location equipment which can be used in the projection 
aligner of a slit scan exposure method in order to double the exposure side of a sensitization substrate 
with high precision to the image surface of projection optics in view of this point, 
[0015] 

[Means for Solving the Problem] The illumination-light study system in which the 1st field location 
equipment of this invention illuminates the lighting field of a predetermined configuration with exposure 
light, The mask side stage which scans the mask (12) with which the pattern for exposure was formed to 
the lighting field (10), The projection optics which projects the pattern of the mask in the lighting field 
(12) on a sensitization substrate (5) (8), It is prepared in the aligner which has the substrate side stage (2) 
which scans a sensitization substrate (5) synchronizing with a mask (12). It is field location equipment 
for doubling the exposure side of a sensitization substrate (5) in parallel with the image surface of 
projection optics (8). A multipoint measurement means to measure the height of a direction parallel to 
the optical axis of the projection optics (8) of a sensitization substrate (5) in two or more measure points 
(AF1 1-AF59) including two or more points of the direction which crosses in the direction in which a 
sensitization substrate (5) is scanned, respectively (62 A, 69A), It has an operation means (71 A) to ask 
for the difference of the tilt angle between the exposure side of a sensitization substrate (5), and the 
image surface of projection optics (8) from the measurement result of this multipoint measurement 
means. 

[0016] Furthermore, this invention is prepared in a substrate side stage (2), and it is based on the 
difference of the tilt angle called for by the operation means (71 A). As it has the inclination setting stage 
(4) which sets up the tilt angle of the direction (the direction of X) which intersects perpendicularly in 
the tilt angle of the direction (the direction of Y) of the scan of a sensitization substrate (5), and the 
direction of the scan, for example, is shown in drawing 5 An inclination setting stage (4) is tilt-angle 
thetaY of the direction (the direction of Y) of the scan of a sensitization substrate (5). Tilt-angle thetaX 
of the direction (the direction of X) which intersects perpendicularly in the speed of response and the 
direction of a scan of [ when setting up ] The speed of responses when setting up are made to differ, 
[001 7] In this case, that multipoint measurement means may sample the height of the sensitization 
substrate (5) in the measure point of these plurality in the datum reference of a substrate side stage (2), 
when the sensitization substrate (5) is scanned through the substrate side stage (2), Moreover, the 
mul tipoint measurement means may measure the height of a sensitization substrate (5) in two or more 
measure points which consist of two or more points in the field of this side at the time of a sensitization 
substrate (5) being scanned to the inside of two or more points in an exposure field [ **** ] (24), and the 
exposure field [ **** ] of those about the lighting field and projection optics (8) of the predetermined 
configuration, respectively, 

[001 8] Moreover, as for the multipoint measurement means, it is desirable to change the location of the 
measure point of these plurality to one shot field of a sensitization substrate (5) one bv one in the process 
which exposes the pattern of a mask (12) one by one. Moreover, the 2nd field location equipment by this 
invention The mask side stage which scans the mask (12) with which the pattern for exposure was 
formed to the lighting field with the illumination-light study system which illuminates the lighting field 
of a predetermined configuration with exposure light (10), The projection optics which projects the 
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pattern of the mask in the lighting field (12) on a sensitization substrate (5) (8), It is prepared in the 
aligner which has the substrate side stage (2) which scans a sensitization substrate (5) synchronizing 
with a mask (12). It is field location equipment for doubling the height of the exposure side of a 
sensitization substrate (5) with the image surface of projection optics (8). In the predetermined measure 
point in the measurement field which consists of a field of this side at the time of a sensitization 
substrate (5) being scanned to an exposure field [ **** ] (24) and this exposure field about the lighting 
field and projection optics (8) of that predetermined configuration A height measurement means to 
measure the height of a direction parallel to the optical axis of the projection optics (8) of a sensitization 
substrate (5) (62A, 69 A), The inside of two or more height measurement results obtained by the height 
measurement means when a sensitization substrate (5) is scanned, An operation means to ask for the 
difference of the average height of the exposure side of a sensitization substrate (5), and the height of the 
image surface of projection optics (8) based on maximum and the minimum value (71 A), It is prepared 
in a substrate side stage (2), and has the height setting stage (4) which sets up the height of a 
sensitization substrate (5) based on the difference of the height found by the operation means (71 A). 
[0019] 

[Function] In the 1st field location equipment of this this invention, in case a mask (12) and a 
sensitization substrate (5) are scanned synchronously and the pattern image of a mask (12) is exposed on 
a sensitization substrate (5), the height of a sensitization substrate (5) is measured using the multipoint 
measurement means in two or more measure points containing the measure point before the direction of 
the scan. And it asks for the tilt angle of a sensitization substrate (5) by acquiring multiple-times height 
information along the direction of a scan, respectively in the measure point of these plurality. Then, in 
case the pattern image of a mask (12) is exposed to the field to which the tilt angle was called for such, 
the tilt angle of the field is set up based on the tilt angle for which it asked beforehand, Thereby, the 
exposure side of a sensitization substrate (5) is set up in parallel with the image surface of projection 
optics (8) also by the slit scan exposure method. 

[0020] Moreover, in this invention, in case such leveling is performed, the speed of response of leveling 
of the scanning direction differs from the speed of response of the non-scanning direction leveling. In 
order to explain per [ by this ] operation effectiveness, focusing at the time of slit scan exposure and the 
error factor of leveling are explained, The following errors can be considered with the aligner of a slit 
scan exposure method. 

** A focal offset error and an oscillating error focus offset error are differences of the focal location of 
the average field of an exposure side, and the image surface of projection optics, and an oscillating error 
is an error resulting from vibration of the direction of a focus of the substrate side stage at the time of 
carrying out scan exposure etc. It divides, when carrying out one-shot exposure like a stepper as what 
performs only automatic focus control, and when exposing by the slit scan exposure method, and this is 
explained more to a detail. 

[0021] When carrying out one-shot exposure of drawing 14 (a), it shows the case where drawi n g 14 (b) 
is exposed by the slit scan exposure method, although the average field 34 of exposure side 5a of a 
sensitization substrate has agreed in the image surface of projection optics in draw in g 14 (a) — the 
average field 34 where the focal location of locations Ya, Yb, and Yc is fixed respectively — receiving - 
deltaZ — 1 and 0 differ only from deltaZ2. Therefore, the focal offset errors in locations Ya and Yb are - 
deltaZl and deltaZ2, respectively. 

[00221 On the other hand, in the case of drawing 14 (b) 5 a series of partial average sides 3 5 A, 35B, and 
35C on exposure side 5a and .... double one by one to the scanning direction in the image surface of 
projection optics. Therefore, the focal offset error in each locations Ya, Yb, and Yc is set to 0 by the 
equalization effectiveness, respectively. However, although the image on a location Yb is formed, since 
a focal location moves between height deltaZB(s) from average side 35B to average side 35D, the image 
on a location Yb will turn into an image with which only delta ZB had dispersion in the direction of a 
focus. Similarly, the image on a location Ya and Yc turns into an image with which only delta ZA and 
delta ZB had dispersion in the direction of a focus, respectively, 

[0023] That is, in a slit scan exposure method, although a focal offset error is set to about 0 to the 
irregularity of the sensitization substrate side below a certain constant frequency, the wavelength 
variation of the short period of rolling of a substrate side stage, pitching, vibration of the direction of a 
focus (Z shaft orientations), the error component by an automatic focus device and an auto leveling 
device following a low frequency air fluctuation error, and exposure light (KrF excimer laser light etc) 
etc. produces a new error (oscillating error). 
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[0024] ** Although it is a typical example of a focal following error, an air fluctuation error, and the 
oscillating errors that made reference by stage oscillating error ** and these are dependent on the 
response frequency of an automatic focus device and an auto leveling device, it can classify into the 
following errors further. 

(1) (2), such as a high-frequency stage oscillating error, a wavelength- variation error of the short period 
of exposure light (KxF excimer laser light etc.), etc. uncontrollable by the control system, (3), such as a 
low-frequency air fluctuation error which a substrate side stage follows in an air fluctuation error 
Measurement error which does not turn into a focal error since a substrate side stage does not follow, 
although contained in the measurement result of a focal location detection system or a tilt-angle 
detection system. 

[0025] ** a field unit with the two-dimensional exposure field according [ the error of ****** by 
unevenness of the exposure side of a sensitization substrate ] to projection optics — it is — measurement 
of the focal location in the exposure side of a sensitization substrate — the measure point of a finite 
individual - and it is an error resulting from carrying out at the time of slit scan exposure, and can 
classify into the following two errors. 

(1) For example, originate in the operation approach for the location of the measure point in the case of 
measuring a focal location by the multipoint on exposure side 5a of a sensitization substrate, and 
searching for the fields 36A and 36B for alignment (focal field), as shown in drawing 15 (a) and (b). The 
error of the gap with the focal side 36A and an ideal focus side, and (2) Error by the difference with the 
slew rate of scan speed, an automatic focus device, and an auto leveling device, the speed of response of 
a focal location detection system, etc. 

[0026] In this case, the speed of response in the case of doubling a focal location with the image surface 
of projection optics (focal response) is determined by a time lag error as shown in drawing...! 5 (c), and 
servo gain as shown in drawing 1 5 (d). That is, in drawing 1 5 (c), curvilinear 37A shows the driving 
signal for the directions of a focus for doubling a series of subregions of exposure side 5a of a 
sensitization substrate with the image surface of projection optics one by one (target focus position 
signal), and curvilinear 38A shows the signal (flattery focus position signal) which converted the 
movement magnitude to the direction of a focus of a series of subregions of exposure side 5a into the 
driving signal, and was acquired. Only fixed time amount is behind in curvilinear 38A to curvilinear 
37A. Similarly, in .drawing 1 5 (d), the target focus position signal of a series of subregions of exposure 
side 5a of a sensitization substrate and curvilinear 38B of curvilinear 37B are the flattery focus position 
signals of a series of subregions of exposure side 5a, and, as for the amplitude (servo gain) of curvilinear 
38B, only the constant rate is small tocurvilinear 37B. 

[002 7] With the 1st field location equipment of this invention, in order to remove these errors, the 
responsibility of the scanning direction of a leveling device and the responsibility of the non-scanning 
direction are changed. It is premised on the focal location detection system of the multipoint of an 
oblique incidence mold as a multipoint measurement means for auto leveling devices in this invention. 
Moreover, it aims at making maximum of the gap with each point of the exposure side in the 
predetermined field, and the image surface of projection optics into min regardless of the average field 
of the exposure side of the sensitization substrate in the predetermined field in the exposure field of 
projection optics. Thus, in the predetermined field in the exposure field of projection optics, the 
exposure field in case the maximum of the gap with almost all the points of the exposure side of a 
sensitization substrate and the image surface of projection optics is min is called "the good field (Good 
Field)," 

[0028] First, as shown in dra wing 1 6 , it is assumed that many measure points (un-illustrating) of a focal 
location are in the exposure field 24 of the shape of a slit [ **** ] about slit-like a lighting field and 
projection optics. In drawing. .16 , width of face of the scanning direction of WX and the exposure field 
24 is set [ the width of face of the scanning direction of the shot field SAij ] to D for the width of face of 
WY and the non-scanning direction as what scans one shot field SAij on a sensitization substrate by rate 
V/beta in the direction of Y to the slit-like exposure field 24, Moreover, by equalizing the focal location 
in many measure points in central field 24a in the exposure field 24 It asks for the focal location of the 
average field in the central point of the exposure field 24. It is based on the least squares approximation 
from the focal location in the measure point in measurement field 24b of the both ends of the scanning 
direction of the exposure field 24, and 24c, and is tilt-angle thetaY of the scanning direction of an 
average field. It asks, It is based on the least squares approximation from the focal location in the 
measure point in measurement field 24b of the both ends of the non-scanning direction of the exposure 
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field 24, and 24c, and is tilt-angle thetaX of the non-scanning direction of an average field. It shall ask. 
Moreover, the value of fin and fin is set up independently, using the response frequency of leveling of fm 
[Hz] and the non-scanning direction as fn [Hz] for the response freq uency of leveling of the scanning 
direction, 

[0029] And the period of the periodic deflection of the scanning direction of the shot field SAij on a 
sensitization substrate Bend as a value of a ratio with the width of face WY (the non-scanning direction 
is also set as the same deflection period) of the scanning direction, and it expresses with Parameter R 
The focal error in each measure point in the exposure field 24 in case there is the periodic deflection is 
expressed with the absolute value of the average of the focal error at the time of scanning, and one third 
of the sums of the amplitude of the focal error at the time of scanning. Moreover, the amplitude of the 
periodic deflection of the deflection parameter F is standardized to 1, and the error parameter S which 
shows the maximum of the focal errors in each [ these ] measure point in case a deflection parameter is F 
is expressed as a ratio to the deflection parameter F. That is, the degree type is materialized. 
The period of F= deflection / WY (1) 
The maximum/F of S= focus error (2) 

[0030] Drawing 1 7 (a) expresses the error parameter 3 to the deflection parameter F when the response 
frequency fm of leveling of the scanning direction and the response frequency fn of leveling of the non- 
scanning direction are equal and large. A curve Al The absolute value of the average of a focal error 
usual [ in the error parameter S of the non-scanning direction ] in the error parameter S and curve Bl in 
the non-scanning direction, A curve A2 shows the average of a focal error usual [ in the error parameter 
S of the scanning direction ] in the error parameter S and curvilinear B-2 in the scanning direction. The 
curve Al and the curve A2 express the respectively more realistic focal error. When [ when the value of 
Meter F is small ] the period of the irregularity of an exposure side is small, as for the flattery nature of 
leveling control of the scanning direction, it turns out that leveling control of the scanning direction 
comes to follow deflection bad (curve A2) as a concavo-convex period becomes large. Moreover, since 
a focal location does not change serially like the scanning direction to the non-scanning direction, even 
if the period of deflection becomes large, it is worse than the flattery nature of the scanning direction 
(curve Al). As mentioned above, although it is desirable for a focal error to become so that Parameter S 
may become 0.5 or less, the scanning direction and the non-scanning direction of a focal error are large 
as a whole. 

[003 1 ] On the other hand, the response frequency fm of drawing 17 (b) of level ing of the scanning 
direction is larger than the response frequency fn of leveling of the non-scanning direction. And the error 
parameter S to the deflection parameter F when both the response frequencies fm and fn are small is 
expressed. As for the absolute value of the average of the focal error of the non-scanning direction usual 
in the error parameter S and curve B3 in the non-scanning direction, and curvilinear A4 5 curvilinear A3 
shows the absolute value of the average of the usual focal error in the scanning direction, as for the error 
parameter S and curvilinear B4 in the scanning direction. The comparison with drawing 1 7 (a) and 
drawing. 1 7 (b) shows that the direction when a response frequency is almost smaller than the case of a 
full response ( drawing 1 7 (a)) ( drawing 1 7 (b)) is close to 0.5 , and a focal error has [ the error 
parameter S ] it. [ small ] This is for the fine point on a sensitization substrate that precision will get 
worse in the slit-like exposure field 24 if an auto leveling device follows unevenly to occur. However, 
since it becomes impossible to follow to the uneven section of low frequency when a response frequency- 
is made small too much, it is necessary to set a response frequency as a suitable value. 
[0032] Moreover, in the example of drawing 17 (b), the response frequency fm of leveling of the 
scanning direction is set up more highly than the response frequency fn of leveling of the non-scanning 
direction. Even if this is the irregularity of the same deflection parameter F, since a period becomes short 
substantially according to slit width, in the scanning direction, the response frequency for following the 
irregularity of an exposure side good is because it is necessary to make it higher in the scanning 
direction than the non-scanning direction. 

[0033] Moreover, it sets at two or more measure points when the multipoint measurement means for 
auto leveling devices becomes from two or more points in the field of this side at the time of a 
sensitization substrate (5) being scanned to the inside of two or more points in an exposure field [ **** ] 
(24), and the exposure field [ **** ] of those about the lighting field and projection optics (8) of the 
predetermined configuration. When measuring the height of a sensitization substrate (5), respectively, in 
a front measure point, a read ahead of a focal location is performed partially. This is called "a division 
read ahead." Therefore, compared with the technique (full read ahead) of predicting in all measure 
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points, the die length at the time of reading a focal location with a multipoint measurement means by 
exposure (inlet length) is shortened, 

[0034] Moreover, when the multipoint measurement means changes the location of the measure point of 
these plurality to one shot field of a sensitization substrate (5) one by one in the process which exposes 
the pattern of a mask (12) one by one, for example at the edge of the shot field, a division read ahead is 
performed, henceforth [ the center section of the shot field ], a full read ahead is performed and opening 
control is checked by the exposure location detecting element. Thereby, where leveling precision is 
maintained with high precision, the inlet length in the edge of a shot field can be shortened, and the 
throughput of exposure can be raised. 

[0035] Next, the automatic focus control in the 2nd field location equipment of this invention is 
considered. If the concept of the above-mentioned good field (Good Field) is taken in, as shown in 
drawing 16 , precision may get worse by performing equalization processing of the focal location of 
each measure point in center-section 24a of the exposure field 24, and doubling with the image surface 
of projection optics the field shown by the average of the focal location. That is, drawing 18 (a) shows 
field 34A corresponding to the average of the focal location of each measure point of exposure side 5a 
with the crevice of depth H of a sensitization substrate, and the difference deltaZ3 of the direction of a 
focus of the field 34A and crevice is large from H/2. 

[0036] On the other hand, in this invention, the maximum and the minimum value of a focal location of 
each measure point in a measurement field predetermined [ on exposure side 5a ] are calculated, and the 
field corresponding to the middle focal location of these maximums and the minimum value is doubled 
with the image surface of projection optics. Drawjng_lj5 (b) is the maximum Zrnax of the focal locations 
of each measure point in exposure side 5a with the crevice of depth H of a sensitization substrate, 
Minimum value Zrnin Field 34B corresponding to a middle focal location is shown, and it is focal 
location Z34of field 34B B. It can express as follows. 
Z34B =(Zniax +Zmin )/2 (3) 

[0037] Then, the field 34B doubles with the image surface of projection optics, Moreover, the difference 
deltaZ4 of the direction of a focus of field 34B and the front face of exposure side 5a and about H/of 
differences deltaZ5 of the direction of a focus of field 34B and its crevice are 2, respectively. That is, 
since the direction of field 34B of drawing 1 8 (b) becomes [ the maximum of the error of the focal 
location in each point on exposure side 5a ] small compared with field 34 A of drawi.ng.I8 (a), on the 
concept of the good field (Good Field), the exposure side of a sensitization substrate can be doubled 
more with high degree of accuracy by this invention in the image surface of projection optics, 
[0038] Furthermore, the property of the error parameter S over the deflection parameter F at the time of 
performing automatic focus control based on equalization processing of draw in g 1 8 (a) or automatic 
focus control based on the average of the maximum of drawi n g 1 8 (b) and the minimum value is shown 
in drawing 19 (a), and (b), respectively at the same time it makes the response frequency fm of leveling 
of the scanning direction, and the response frequency fh of leveling of the non-scanning direction 
equally and large and performs auto leveling control like drawing.!?, (a). That is, in curvilinear A5 and 
B5 ? in drawin g 19 (a) based on equalization processing, the error parameter S, the curve A6, and B6 of 
the non-scanning direction express the error parameter S of the scanning direction, respectively, 
Moreover, in drawing 1 9 (b) based on the average of maximum and the minimum value, curves A7 and 
B7 express the error parameter S of the non-scanning direction, and curves A8 and B8 express the error 
parameter S of the scanning direction, respectively. 

[0039] When automatic focus control is performed like [ it is ****** and ] based on the average of 
maximum and the minimum value from drawin g 19 (b), while the value of the error parameter S is close 
to 0.5 in all the deflection parameters F, i.e., all frequency bands, compared with the case where 
automatic focus control is performed based on equalization processing, the maximum of a focal error is 
small. 

[0040] Moreover, when only automatic focus control is performed to drawin g 1 5 (a) and (b) based on 
the average of the maximum of a focal location and the minimum value which were obtained in the 
measure point in return and a predetermined measurement field, as shown in drawing 1 5 (a), field 36A 
of deltaZa doubles with the image surface of projection optics in the difference of a focal location with 
maximum to exposure side 5a which has the deflection of amplitude 2 and deltaZa. On the other hand, 
while performing automatic focus control based on the average of the focal location only obtained in 
these measure points to exposure side 5a which has the deflection of amplitude 2 and deltaZa If auto 
leveling control is performed based on the least squares approximation of the obtained focal location, as 

http:/7www4 .ipdl .ncipi.go.jp/cgi-bin/tran_web _cg iejje 1/23/2007 



JP ? 06-283403,A [DETAILED DESCRIPTION] 



Page 8 of 1 7 



shown in drawing 1 5 (b) Field 36B of deltaZb (>deltaZa) may double with the image surface of 
projection optics in the difference of the focal location from maximum within the limits of amplitude 
deltaZc (>2 and deltaZa). Therefore, a focal error becomes [ the direction which performs automatic 
focus control based on the average of the maximum of a focal location and the minimum value which 
were obtained ] small, when using an auto leveling device, or even when not using it. 
[0041] In addition, although it is controlling by this invention to double with the image surface the field 
which becomes settled in the (minimum value Zmin of the maximum Zmax+ focus location of a focal 
location) / 2, depending on a device process, which the depth of focus of the heights of exposure side 5a 
of a sensitization substrate or a crevice may be required. Therefore, it is desirable to perform control 
which doubles with the image surface the field of the focal location ZMN which becomes settled in 
proportional distribution like a degree type using the predetermined multipliers M and N« 
ZMN=(M-Zmax+N-Zmin)/(M+N) (4) 
[0042] 

[Example] Hereafter, with reference to a drawing, it explains per example of this invention. This 
example applies this invention to the automatic focus device and auto leveling device of a projection 
aligner of a slit scan exposure method. Dr awing 1 shows the projection aligner of this example, the 
pattern on a reticle 12 is illuminated by the lighting field (henceforth a "slit-like lighting field") of the 
rectangle by the exposure light EL from the illumination-light study system by which the illustration 
abbreviation was carried out in this drawings! , and projection exposure of the image of that pattern is 
carried out on a wafer 5 through projection optics 8. Under the present circumstances, synchronizing 
with a reticle 12 being scanned with constant speed V in the direction of this side (or other side) to the 
space of dra vying. .1 , a wafer 5 is scanned by the other side (or the direction of this side) to the space of 
dr awing 1 to the lighting field of the shape of a slit of the exposure light EL by constant speed V/beta 
(1/beta is the contraction scale factor of projection optics 8). 

[0043] The reticle Y drive stage 10 which can be freely driven to Y shaft orientations (direction 
perpendicular to the space of drawing 1 ) on the reticle susceptor 9 is laid by explaining the drive system 
of a reticle 12 and a wafer 5, the reticle minute drive stage 3 1 is laid on this reticle Y drive stage 10, and 
the reticle 3 2 is held by the vacuum chuck etc, on the reticle minute drive stage 3 1 . As for the reticle 
minute drive stage 1 1, only a minute amount performs position control of a reticle 12 to the direction of 
X parallel to space, the direction of Y, and hand of cut (the direction of theta) of drawing 1 with high 
precision in a field perpendicular to the optical axis of projection optics 8, respectively. It always acts as 
the monitor of the location of the direction of X of the reticle minute drive stage 1 1 , the direction of Y, 
and the direction of theta with the interferometer 14 which the migration mirror 21 has been arranged on 
the reticle minute drive stage 1 1, and has been arranged on the reticle susceptor 9. The positional 
information SI acquired by the interferometer 14 is supplied to main control system 22 A. 
[0044] On the other hand on the wafer susceptor 1 , the wafer Y-axis drive stage 2 which can be freely 
driven to Y shaft orientations is laid, the wafer X-axis drive stage 3 which can be freely driven to X shaft 
orientations is laid on it, Z leveling stage 4 is formed on it, and the wafer 5 is held by vacuum adsorption 
on this Z leveling stage 4, The migration mirror 7 is fixed also on Z leveling stage 4, it acts as the 
monitor of the location of the direction of X of Z leveling stage 4, the direction of Y, and the direction of 
theta with the interferometer 1 3 arranged outside, and the positional information acquired by the 
interferometer 13 is also supplied to main control system 22A, Main control system 22A controls 
actuation of the whole equipment while controlling positioning actuation of the wafer Y-axis drive stage 
2, the wafer X-axis drive stage 3, and Z leveling stage 4 through wafer driving gear 22B etc, 
[0045] Moreover, in order to take correspondence of the wafer system of coordinates specified by the 
coordinate measured by the interferometer 13 by the side of a wafer, and the reticle system of 
coordinates specified by the coordinate measured by the interferometer 14 by the side of a reticle, the 
reference mark plate 6 is being fixed near the wafer 5 on Z leveling stage 4. Various reference marks are 
formed on this reference mark plate 6, In these reference marks, the reference mark currently illuminated 
from the background by the illumination light led to Z leveling stage 4 side, i.e., a luminescent reference 
mark, is prepared, 

[0046] The reticle alignment microscopes 19 and 20 for observing the reference mark on the reference 
mark plate 6 and the mark on a reticle 12 to coincidence are equipped above the reticle 12 of this 
example. In this case, if the deviation mirrors 15 and 16 for leading the detection light from a reticle 12 
to the reticle alignment microscopes 19 and 20, respectively are arranged free [ migration ] and an 
exposure sequence is started, the deviation mirrors 15 and 16 will shunt with the mirror driving gears 17 

http ://www4 . ipdl.ncipi . go jp/cgi-bin/tran_web cgi ejj e 1 /23/2007 



JP,06-283403,A [DETAILED DESCRIPTION] 



Page 9 of 17 



and 18 under the command from main control system 22A, respectively. 

[0047] It equips with the multipoint focus location detection system of the oblique-incidence mold of the 
conventional method explained to the projection aligner of the slit scan method of d rawi ng 1 with 
reference to drawing 20 and drawingjl .However, while the multipoint focus location "detection system 
of this example has more number of a measure point than the conventional example, arrangement of a 
measure point is devised. As drawing 2 (b) shows pattern formation plate 62 A of this example 
corresponding to the conventional pattern formation plate 62 of drawing 21 (b) and shows it to dra wing 
2 (b) The opening pattern 72-1 1 to 72-19 of the shape of nine slit is formed in eye the 1st train of pattern 
formation plate 62 A, and nine opening patterns 72-12 to 72-59 are formed also in eye the 5th train [ eye 
the 2nd train - ], respectively. That is, the opening pattern of the shape of 45 slit is formed in pattern 
formation plate 62A in total, and the image of the opening pattern of the shape of these slit is aslant 
projected to the X-axis and a Y-axis on the exposure side of the wafer 5 of drawing^ ■ 
[0048] Drawing_2 (a) shows the exposure side of the wafer 5 of the lower part of the projection optics 8 
of this example, the pattern of the reticle 12 of drawing 1 is exposed in this drawing 2 (a) in the exposure 
field 24 of a rectangle long in the direction of X inscribed in the circular lighting visual field 23 of 
projection optics 8, and a wafer 5 is scanned in the direction of Y to this exposure field 24 (scan). By the 
multipoint focus location detection system of this example Nine measure points API 1-AF19 of the 1st 
train extended in the direction of X of the direction top of Y of the exposure field 24, The measure 
points AF21-AF29 of the 2nd train, The image of a slit-like opening pattern is projected on the measure 
points AF31-AF39 of the 3rd train in the exposure field 24, the measure points AF41-AF49 of the 4th 
train of the direction bottom of Y of the exposure field 24, and the measure points AF51-AF59 of the 5th 
train, respectively. 

[0049] Drawing 2 (c) shows electric-eye 69 A of the multipoint focus location detection system of this 
example, nine photo detectors 75-1 1 to 75-19 are arranged on this electric-eye 69A at eye the 1st train, 
and nine photo detectors 75-12 to 75-59 are arranged also at eye the 5th train [ eye the 2nd train - ], 
respectively. That is, 45 photo detectors are arranged in total by electric-eye 69A, and slit-like drawing 
(illustration abbreviation) is arranged on each photo detector. Moreover, re-image formation of the 
image of the opening pattern of the shape of a slit projected at the measure points AF1 1 -AF59 of 
drawin g 2 (a), respectively on these photo detector 75-1 1 - 75 -59 is carried out. And on electric-eye 
69 A, it vibrates in the direction of RD whose location of each image by which re-image formation was 
carried out is the cross direction of a diaphragm by carrying out rotational vibration of the light reflected 
in respect of exposure of a wafer 5 with the diaphragm corresponding to the hand-of-cut diaphragm 67 
of drawin g 20 . 

[0050] When the detecting signal of each photo detector 75-1 1 to 75-59 is supplied to signal processor 
71 A and carries out the synchronous detection of each detecting signal by the signal of a rotational- 
vibration frequency in signal treatment equipment 71 A Like [ 45 focal signals corresponding to the focal 
location of each measure points AF1 1-AF59 on a wafer are generated, and / signal / of these 45 focal 
signals / predetermined / focal ] the after-mentioned The tilt angle (leveling angle) and the average focal 
location of an exposure side of a wafer are computed. The leveling angle and the focal location which 
were these-measured are supplied to main control system 22 A of drawing 1 , and main control system 
22A performs the leveling angle of a wafer 5 5 and a setup of a focal location through driving gear 22B 
and Z leveling stage 4 based on the leveling angle and focal location which were supplied. 
[0051] Therefore, in this example, the focal location of ail 45 measure points AF1 1-AF59 shown in 
drawing 2 (a) is measurable. However, in this example, as shown in drawing 3 , the location of the point 
(henceforth a "sample point") which actually measures a focal location in these 45 measure points 
according to the scanning direction of a wafer is changed. When scanning a wafer in the direction of Y 
to the exposure field 24, and in performing a division read ahead like the after-mentioned as an example 
as shown in drawing 3 (a), the odd-numbered measure points AF21, AF23, AF29 in the measure 
point of 2nd train 25B and the even-numbered measure points AF32, AF34, AF38 in the exposure 
field 24 turn into a sample point. Moreover, when scanning a wafer in the direction of -Y to the exposure 
field 24, and in performing a division read ahead like the after-mentioned as shown in drawing 3 (b), the 
odd-numbered measure points AF41, A.F43, AF49 in the measure point of 4th train 25D and the 
even-numbered measure points AF32, AF34, AF38 in the exposure field 24 turn into a sample point. 
[0052] Furthermore, since the measurement result of the focal location at the time of slit scan exposure 
changes serial ly according to the migration coordinate of the stage by the side of a wafer, the 
measurement result of these focus location is memorized by the storage in main control system 22A of 
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drawing j, as a two-dimensional map which consists of a coordinate of the scanning direction of a stage, 
and a coordinate of the measure point of the non-scanning direction. Thus, the focal location and 
leveling angle of a wafer at the time of exposure are computed using the memorized measurement result. 
And when actually driving Z leveling stage 4 of drawing 1 and setting up the focal location and leveling 
angle of an exposure side of a wafer, actuation of Z leveling stage 4 is controlled by open loop control 
according to a measurement result. In this case, exposure in the exposure field 24 is performed based on 
the result measured beforehand. That is, as shown in drawing 4 (a), measurement of the focal location of 
the field 26 on a wafer is performed by the predetermined sampling point of the measure point of 2nd 
train 25B, and as shown in drawing 4 (b) after that, when the field 26 on a wafer reaches in the exposure 
field 24, based on the measurement result in drawing 4 (a), focusing of the field 26 on a wafer and 
leveling control are performed. 

[0053] Drawing 5 shows Z leveling stage 4 and this control system of this example, the top-face member 
of Z leveling stage 4 is supported through the three supporting points 28A-28C in this drawing 5 on the 
inferior-surface-of-tongue member, and each supporting points 28A-28C can be expanded now and 
contracted in the direction of a focus, respectively, adjusting the amount of telescopic motion of each 
supporting points 28A-28C — tilt-angle thetaY of the focal location of the exposure side of the wafer 5 
on Z leveling stage 4, and the scanning direction And tilt-angle thetaX of the non-scanning direction It 
can be set as a desired value. Near each supporting points 28A-28C, the amount of displacement of the 
direction of a focus of each supporting point is attached in the height sensors 29A-29C measurable with 
the resolution of about 0.01 micrometers, respectively. In addition, the highly precise device in which a 
stroke is more long as a positioning device to the direction of a focus (Z direction) may be established 
independently. 

[0054] tilt-angle thetaX which looks like [ the filter sections 3 OA and 30B ] main control system 22 A 
every moment, respectively, and changes in order to control leveling actuation of Z leveling stage 4 and 
which should set up the non-scanning direction And tilt-angle thetaY which should set up the scanning 
direction It supplies. The filter sections 30A and 30B supply the tilt angle filtered and obtained by filter 
shape different, respectively to operation part 31, and main control system 22A supplies the coordinate 
W of the field made applicable [ on a wafer 5 ] to exposure (X, Y) to operation part 3 1 . Operation part 
31 supplies the information on the amount of displacement which should be set as mechanical 
components 32A-32C based on Coordinate W (X, Y) and two tilt angles. The information on the current 
height of the supporting points 29A-29C is also supplied to each mechanical components 32A-32C from 
the height sensors 29A-29C, respectively, and each mechanical components 32A-32C set the height of 
the supporting points 29A-29C as the height set as operation part 31, respectively. 
[0055] Thereby, although the tilt angle of the scanning direction of the exposure side of a wafer 5 and 
the tilt angle of the non-scanning direction are set as a desired value, respectively, the response 
frequency frn of leveling of the scanning direction [Hz] is more highly set up by the difference of the 
property of the filter sections 30A and 30B from the speed of response fn of leveling of the non-scanning 
direction [Hz] in this case. The speed of response fn of leveling of 10Hz and the non-scanning direction 
of the response frequency frn of leveling of the scanning direction is 2Hz as an example, 
[0056] Moreover, if the location where the supporting points 28A, 28B, and 28C are arranged is called 
the driving points TL1, TL2, and TL3, respectively, the driving points TL1 and TL2 are arranged on 1 
straight line parallel to a Y-axis, and the driving point TL 3 is located on perpendicular 2 bisectrix with 
the driving points TL1 and TL2, And if the exposure field 24 of the shape of a slit by projection optics 
shall be located on the shot field SAij on a wafer 5, in case it will perform leveling control of a wafer 5 
through the supporting points 28A-28C in this example, the focal location of the shot field SAij does not 
change. Therefore, it is carried out in the form which leveling control and focal control separated. 
Moreover, a setup of the focal location of the exposure side of a wafer 5 is performed when only the 
same amount carries out the variation rate of the three supporting points 28A-28C. 
[0057] Next, it explains to a detail per leveling actuation of this example, and focusing actuation. First, 
the method of computing the tilt angle for leveling and the focal location for focusing is shown. 
(A) it is shown in computing method drawing 4 of a tilt angle -- as — the measure point of each train — 
setting — the X coordinate of the m-th sample point of the non-scarming direction — the Y coordinate of 
the n-th sample point of Xm and the scanning direction — Yn ** — carrying out — X coordinate Xm And 
Y coordinate Yn The value of the focal location measured at the sample point is expressed with AF (Xm 
and Yn). Moreover, the next operation is performed, using the number of samplings of M and the 
scanning direction as N for the measurement size of the non-scanning direction. However, sum operation 
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sigmam The sum to 1-M about Subscript m is expressed. 
[0058] 

SX=sigma m Xm, SX2=sigmam Xm2, SMZ=sigma m AF (Xm and Yn) SXZ-sigmam (AF (Xm and 
Yn) and Xm) (5) 

Similarly, it is sum operation sigman. The next operation is performed as a thing showing the sum to 1 
about Subscript n - N. 

SY=sigma n Yn, SY2=sigman Yn2, SNZ=sigma n AF (Xm and Yn) SYZ=sigman (AF (Xm and Yn) 
and Yn) (6) 

[0059] And the next operation is performed using (5) types and (6) types. 

An=(SX-SMZ-M-SXZ)/(SX2-M-SX2) (7) 
Am=(SY-SNZ-N-SYZ)/(SY2-N-SY2) (8) 

next, every - the tilt angle AL (Yn) of the non-scanning direction [ in / by the least squares 
approximation / fi*om An / the n-th sample point of the scanning direction ] (the direction of X) -- asking 
— every — it asks for the tilt angle AL (Xm) of the scanning direction (the direction of Y) in the m-th 
sample point of the non-scanning direction by the least squares approximation from Am. Then, it is tilt- 
angle thetaX of the non-scanning direction by the following equalization processings. And tilt-angle 
thetaY of the scanning direction It asks. 
thetaX - (sigman AL (Yn)) / N (9) 
thetaY = (sigmam AL (Xm)) (10) 

[0060] (B) There are an equalization approach and the maximum minimum detecting method as method 
of computing the focal location computing method focus location, and compute a focal location by the 
maximum minimum detecting method in this example. With an equalization approach, the focal location 
<AF> as the whole exposure side of a wafer 5 is calculated from a degree type using the value AF of an 
above-mentioned focal location (Xm and Yn) for reference, 
<AF> ^(sigman sigmam AF (Xm and Yn))/(M-N) (11) 

[0061] Next, focal location AF 5 as the whole exposure side of a wafer 5 is calculated from a degree type 
by setting to Max ( ) and Min ( ) the function which expresses maximum and the minimum value with 
the maximum minimum detecting method, respectively. 
AF- (Max(AF (Xm and Yn)) +Min(AF (Xm and Yn)) 12 (12)) 

and — the time of the measured field 26 arriving at the exposure field 24, as shown in drawing 4 (b) — 
detection result thetaX of (9) types, (10) types, and (12) types, and thetaY And based on AF', the three 
supporting points 28A-28C of drawing 5 drive with open-loop on the basis of the measurement result of 
the height sensors 29A-29C, respectively. Concretely, automatic focus control is performed by driving 
the three supporting points 2SA-28C to coincidence, and auto leveling control is performed so that the 
focal location in the exposure field 24 shown in dra win g 5 may not change. 

[0062] In drawing 5 spacing of the direction of X of the central point of the exposure field 24, and the 
supporting points 28A and 28B Namely, XI, They are the central point of Yl and the exposure field 24, 
and spacing of the direction of Y of supporting-point 28B about the central point of X2 and the exposure 
field 24, and spacing of the direction of Y of supporting-point 28 A in the central point of the exposure 
field 24, and spacing of the direction of X of supporting-point 28C Y2 It carries out. Tilt-angle thetaX of 
the non-scanning direction It is based on a result and is XI, respectively to the supporting points 28A 
and 28B and supporting-point 28C. : X2 The variation rate of hard flow is given by the ratio. Tilt-angle 
thetaY of the scanning direction It is based on a result and is Yl to supporting-point 28 A and 
supporting-point 28B, respectively. : Y2 The variation rate of hard flow is given by the ratio. 
[0063] Moreover, in the above-mentioned approach, since a focal location and a tilt angle change every 
moment according to an aligner, it is necessary to amend the measurement value of an actual foca! 
location, Drawi ng 6 (a) shows the condition are measuring the focal location and the tilt angle of ****** 
in the measure point (AF point) of a certain focal location, and the amount of drives <TL1>, <TL2>, and 
<TL3> of the direction of a focus of the supporting point at each driving points TL1 -TL3 of drawjng_5 
presuppose that it is it 0 (criteria location) in the state of drawing 6 (a), respecti vely, [ the whole field 26 
on exposure side 5a of a wafer ] And as the field 26 shows drawing 6 (b), when the exposing point in the 
exposure field is reached, the amount of these drives is set as <TLl>=a, <TL2>=b, and <TL3> ~c, 
respectively for exposure. In this case, although only deltaF is changing compared with the case of 
drawing 6 (a), the focal location of field 26A currently measured in the measure point (AF point) of a 
focal location Since the effect of the amount of drives in each driving points TL1-TL3 is included in the 
variation of this deltaF, to next expose field 26A, it is necessary to perform leveling and focusing in the 
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form which amends the amount of drives of each driving points TL1-TL3 in the condition of drawing 6 
(b). 

[0064] That is, the tilt angle of the focaS location measured about field 26A as Fl, thetal X, and thetal Y, 
respectively in the tilt angle of the focal location measured about the field 26 and the direction of X and 
the tilt angle of the direction of Y and the direction of X and the tilt angle of the direction of Y are made 
into Fn thetanX 1 , and thetanY', respectively. Moreover, when spacing of the direction of X of the 
measure point (AF point) of a focal location and an exposing point and the direction of Y is set to delta 
X and delta Y, respectively, the amount deltaFl of amendments of a focal location is as follows. 
deltaFl ~F1 -thetal X-delta X-theta 1 Y-delta Y (13) 

[0065] When the amount deltaFl of amendments is used, the value Fn, thetanX, and thetanY after each 

amendment of the tilt angle of the focal location measured about field 26A and the direction of X and 

the tilt angle of the direction of Y are as follows. 

Fn =Fn M-deltaFl (14) 

theta nX=theta nX'-thetal X (1 5) 

theta nY=theta nY'-thetal Y (16) 

Moreover, it is necessary to manage responsibility to the appearance which is not followed to the uneven 
side of the RF of the exposure side of a w 7 afer 5. That is, since the response corresponding to a stage 
location is required also when the scan speed of a wafer 5 changes, it is made the device which manages 
the focal location and tilt angle which were measured with the numerical filter for fast Fourier 
transforms (FFT), or can carry out adjustable [ of the servo gain of the mechanical component of the 
three supporting points 28A-28C of drawing 5 ] according to a rate. However, the numerical filter for 
FFT needs a preliminary scan, and since servo gain has phase lag, the device in consideration of these is 
required. 

[0066] (C) a servo gain adjustable method — here explains per example of the approach of carrying out 
adjustable [ of the servo gain of the mechanical component of the three supporting points 28A-28C of 
drawing .5 ] according to a rate. When a response frequency in case the scan speed of a wafer is V/beta is 
set to nu, transfer function G (s) is expressed as follows. 
G(s)=l/(1+Ts)(17) 

however, T= l/(2pinu) and s=2pifi — it comes out, 

[0067] From the analysis result, when scan speed V/beta was 80 mm/s, the response frequency nu of the 
non-scanning direction had optimal 2Hz, and found that 10Hz was the optimal for the response 
frequency nu of the scanning direction. However, unevenness of the exposure side of a wafer is 
expressed with the sine wave of a pitch p, and it is the scan lay length of each shot field on a wafer L0 
When it carries out, the frequency f in (17) types is as follows. 
HV/heta)/L0 and (L0 / p) = (V/beta) / p (1 8) 

Therefore, since a frequency f will change if scan speed V/beta changes, it is necessary to newly ask for 
the optimal response frequency nu. Thus, servo gain is determined from the response frequency nu for 
which it asked. 

[0068] (D) the numerical filtering method — since the pitch p of the irregularity on the exposure side of a 
wafer is a function depending on a stage location here, if the sampling of a focal location is performed 
by the datum reference synchronizing with a stage location, control independent of scan speed V/beta 
will be attained. That is, in order to give the filtering effectiveness equivalent to transfer function G (s) 
with a location function, the inverse Fourier transform of the transfer function G (s) is carried out, it asks 
for location function F (x), and numerical filtering is performed using this location function F (x). An 
example of transfer function [ of the response frequency nu ] G (s) is concretely shown in drawing 7 (a), 
and location function F (x) corresponding to it is shown in drawing 7 (b). However, it is necessary to 
take run-up scan distance, and at the time of numerical filtering, when not performing this, phase lag 
arises. 

[0069] In addition, also in which approach of an above-mentioned servo gain adjustable method and the 
numerical filtering methods, responsibility is managed by phase lag and the filtering effectiveness. Phase 
lag (time lag) is a time lag which exists between the signal corresponding to the focal location made into 
the target shown by curvilinear 37A of drawing 15 (c), and the signal corresponding to the focal location 
which is shown by curvilinear 38A, and which was measured in fact. The filtering effectiveness is that 
only the specified quantity makes the amplitude of an actual focal location small to a focal target 
location, as the curves 37B and 38B of drawing 15 (d) show. 

[00701 As mentioned above, in this example, in case exposure to each shot field of a wafer is performed, 
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the run-up scan which is a preliminary scan may be performed, Then, the setting approach of the run-up 
scan distance is explained. Drawing 8 (a) shows the scan method in the case of exposing the pattern of a 
reticle to the next shot fields SA12 and SA13 one by one, after finishing exposure of the shot field SA 

11 on a wafer. In this drawing 8 (a), after it scans a wafer in the direction of -Y and the exposure to the 
shot field SA 1 1 on a wafer finishes, a wafer is aslant moved to the X-axis and a Y-axis between the 
acceleration-and-deceleration periods TW1, and it arranges near the lower limit of the next shot field SA 

12 in the exposure field of projection optics. After the exposure to the first shot field SA 1 1 finishes, 
while moving near the lower limit of the next shot field SA 12, migration of spacing deltaL is performed 
in the direction of Y. Moreover, in the telophase of the acceleration-and-deceleration period TW1, 
migration in the direction of Y of a water is started. 

[0071] Between the subsequent establishment (setting) periods TW2, the scan speed of a wafer reaches 
about V/beta, and exposure of the pattern of the reticle to the shot field SA 12 is performed between the 
exposure periods TW3 following it. The acceleration-and-deceleration period TW1, the establishment 
period TW2, and the exposure period TW3 by the side of a wafer in this case are shown in drawing 8 
(c), and the acceleration-and-deceleration period TR1, the establishment period TR2, and the exposure 
period TR3 by the side of a reticle are shown in draw ing 8 (b). In addition, in a reticle side, since it is not 
necessary to move to the next shot field like drawing. 8 (a), migration of the stage by the side of a reticle 
is a reciprocating motion in alignment with a Y-axis, moreover, the time of extent which shifts to the 
establishment period TW2 from the acceleration-and-deceleration period TW1 in a wafer side as shown 
in drawing 8 (c) — ts from — the sampling of the focal location by the multipoint focus location detection 
system is started, 

[0072] In this example, since the responsibility at the time of leveling and focusing is managed by phase 
lag and the filtering effectiveness, the start point when starting the sampling of a focal location on a 
wafer changes with situations. For example, as what synchronizes a sampling with a stage location, 
supposing it performs numerical filtering, a sampling starting position will be determined by the 
following procedure. 

[0073] First, transfer function G (s) is given like drawing 7 (a), and from this transfer function G (s), it 
asks for location function [ of drawing 7 (b) ] F (x) by the inverse Fourier transform, and asks for die- 
length deltaL from the zero of this location function F (x) to a zero crossing point, This die-length deltaL 
is equal to movement magnitude deltaL to the direction of Y at the time of moving aslant because of 
exposure of the next shot field SA 12, as shown in d rawin g 8 (a). 

[0074] Moreover, to the acceleration-and-deceleration period TR1 of a reticle, since the acceleration- 
and-deceleration period TW1 of a wafer is small, time amount (TR1-TW1) turns into the latency time by 
the side of a wafer, in this case, deltaL — < (Wbeta) (TR1-TW1) — although it does not become the fall 
of a throughput at the time of**, it becomes the fall of a throughput at the time of deltaL> (V/beta) 
(TR1-TW1) and **. in addition, delta Y=delta L- (V/beta) (TR1-TW1) and die-length [ which is come 
out of and expressed ] deltaY is good as a fixed function, if the same filtering effectiveness as transfer 
function G (s) is acquired even if it processes as phase lag. By performing these filtering, the 
effectiveness of reducing the effect of the air fluctuation to a multipoint focus location detection system 
and the control error of a multipoint focus location detection system is also expectable, 
[0075] Next, arrangement of the sample point in the measure point of the multipoint focus location 
detection system in the projection aligner of the slit scan exposure method of this example is considered. 
First, in drawing 2 (a), among the measure points AF1 1-AF59 by the multipoint focus location detection 
system, when using the measurement result of the focal location of the measure points AF31-AF39 in 
the slit-like exposure field 24 (i.e., when making measure points AF31-AF39 into a sample point), 
control by same "the exposure position control method" as the conventional stepper's case is performed, 
Furthermore, since the scan of the wafer of this example is performed in the direction of Y, or the 
direction of -Y, it is arranging the sample in a measure point before a scanning direction to the exposure 
field 24, and read-ahead control, time-sharing leveling measurement, measurement value equalization, 
etc. are attained. 

[0076] Read-ahead control means choosing a sample point from the measure point AF 41 before a scan - 
AF49, AF51-AF59, when scanning a wafer [ like ] in the direction of -Y to the exposure field 24 to 
drawing 2 (a). By performing read-ahead control, the following error to an actual response frequency 
becomes |l-G(s) ! to transfer function [ of an automatic focus device and an auto leveling device ] G (s). 
However, since phase lag and a filtering error factor are contained in this following error, phase lag can 
be removed if read-ahead control is performed. Since this error is 1-G[ [] (s) |, the transfer capacity to be 
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about 4 times many as this can be given. 

[0077] DrawingJ? (a) showed the curvilinear 39A corresponding to the focal location which makes into 
the target at the time of performing the same exposure position control as usual, and the curvilinear 38 B 
corresponding to the actually set-up focal location, drawing 9 (b) showed the curvilinear 40A 
corresponding to the focal location made into the target at the time of performing read-ahead control, 
and the curvilinear 40 B corresponding to the actually set-up focal location, and a phase has shifted in 
exposure position control. Therefore, the difference Fa of the target position in the case of exposure 
position control and a flattery location will be about 4 times the difference Fb of the target position in 
read-ahead control, and a flattery location. Therefore, in read-ahead control, the transfer capacity to be 
about 4 times many as this can be given. 

[0078] However, the response frequency of auto leveling will be good for the already described 
appearance in the scanning direction at the filtering response of about 2.5Hz, when it performs read- 
ahead control in the scanning direction, since about 1GHz is suitable (position control method). When a 
numerical filter or control gain performs this filtering, the run-up scan length of 5(**80/(2pi*2.5)) mm 
extent is needed before exposure, using the scan speed of a wafer as 80mm. The focal error by both the 
controlling method is shown below. 

[0079] Therefore, like the case of drawing 1 7 , it turns at the period of the periodic deflection of the 
scanning direction of the shot field SAij on a wafer as a value of a ratio with the width of face of the 
scanning direction, and expresses with Parameter F, and the focal error in each measure point in case 
there is the periodic deflection is expressed with the absolute value of the average of the error of the 
focal location in each measure point, and one third of the sums of the amplitude of the error of a focal 
location, Moreover, the amplitude of the periodic deflection of the def ection parameter F is standardized 
to 1 , and the error parameter S which shows the maximum of the focal errors in each [ these ] measure 
point in case a deflection parameter is F is expressed as a ratio to the deflection parameter F. 
[0080] When drawing 10 (a) performs exposure position control, the response frequency frn of leveling 
of the scanning direction expresses the error parameter S to the deflection parameter F in case the 
response frequency fn of leveling of 10Hz and the non-scanning direction is 2Hz, curvilinear A9 and B9 
show the error parameter S in the non-scanning direction, and both the curves A10 and B10 of both 
show the error parameter S in the scanning direction. On the other hand, when dra wing 17 (b) performs 
read-ahead control, the response frequency fin of leveling of the scanning direction expresses the error 
parameter S to the deflection parameter F in case the response frequency fh of leveling of 2.5Hz and the 
non-scanning direction is 0.5Hz, curves Al 1 and Bl 1 show the error parameter S in the non-scanning 
direction, and both the curves A12 and B12 of both show the error parameter S in the scanning direction. 

[0081] In order to improve a response, it is good, but it is not suitable to remove phase lag by read-ahead 
control as mentioned above, when reducing a response. However, read-ahead control has many degrees 
of freedom by software, and can also perform a prediction setup of the measure point of the focal 
location in the time of time equalization and exposure initiation as shown by drawing J A . That is, in 
drawing 1 1 (a), a focal location is detected only for the die length of width-of-face deltaL in a front 
sample point (AF point) to the scanning direction of a multipoint focus location detection system to 
certain field 26B on exposure side 5a of a wafer, And as shown in drawing 1 1 (b), when field 26B 
reaches an exposing point, the information on the focal location detected in the range of width-of-face 
deltaL is equalized, and leveling and focusing are performed with high precision. 

[0082] Moreover, as shown in drawing 11 (c), even if level difference section 26C is in exposure side 5a 
of a wafer by the case where a measure point and an exposing point are equal, by the exposure position 
control method, as shown in drawing 1 1 (d), the field (focal field) AFP made into a focal object only 
goes up gradually, and exposure is performed in the condition of having been defocused in the level 
difference section 26C, On the other hand, when level difference section 26D is in exposure side 5a of a 
wafer, as are shown in drawjngJJ. (e), and it is beforehand shown in drawing..]..!, (f) according to the 
level difference by the case where the measure point and the exposing point are separated by the read- 
ahead controlling method, exposure is performed in the condition of having focused, by going up the 
focal side AFP gradually at the level difference section 26D. 

[0083] In addition, it has not only the read-ahead controlling method but the usual exposure position 
control method, and it is desirable to use the two controlling methods as a selectable system. Since there 
are the above functions in the automatic focus and auto leveling device of this example, in order to 
actually control the exposure side of a wafer, the method of controlling three kinds which consists of 
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exposure position control, ** full read-ahead control, and ** division read-ahead control can be 
considered. Below, it explains to these three kinds of controlling method per details. 
(F) Perform the focal location of the exposure side of a wafer, and control of a leveling angle using the 
value of the focal location measured and obtained regardless of the response engine performance of an 
automatic focus and an auto leveling device at all at the time of exposure by the exposure position 
control method this gentleman formula. Namely, as shown in drawing 3 2 (a), the odd-numbered measure 
point of 3rd train 25C in the exposure field 24 is also made into a sample point to the exposure field 24 
in a scanning direction (the direction of Y) by making the even-numbered measure point of 2nd train 
25B of a near side into the sample point 41 . And leveling control of the scanning direction of the 
exposure side of a wafer is performed from the measurement value of the focal location in the sample 
point of 2nd train 25B, and the measurement value of the focal location in the sample point of 3rd train 
25C. 

[0084] Moreover, the inclination of the non-scanning direction is calculated by the least-squares- 
approximation method from the measurement value of the focal location in the sample point of 2nd train 
25B and 3rd train 25C, and leveling control of the non-scanning direction is performed, Moreover, focal 
control also uses the measurement value of the focal location in the measure point of the 3rd train in the 
exposure field 24, and performs focal control, in addition, a sample point is chosen fi-om the measure 
point of 3rd train 25C and 4th train 25D when the scanning direction of a wafer is the direction of -Y, as 
shown in drawing 12 (b). By this method, although control is the easiest, there is un-arranging [ that 
flattery precision will change with the scan speed of a wafer etc. ], Moreover, the calibration of the focal 
location in each measure point of 2nd train 25B and 3rd train 25C is required. 

[0085] (G) As shown in drawin g 12 (c), measure all the values of the focal location in the sample point 
of 1st train 25A before exposure beforehand to the exposure field 24 by the full read-ahead controlling 
method this gentleman formula in the scanning direction by making all the measure points of 1st train 
25 A of a near side into a sample point, And equalization processing and filtering processing are 
performed, phase lag is expected, it is open at the time of exposure, and an automatic focus and an auto 
leveling device are controlled at it. Namely, the measurement value of the focal location in each sample 
point of 1st train 25 A is memorized, the inclination of the scanning direction is computed from the value 
of the focal location measured on the time-axis, and leveling control of the scanning direction is 
performed by opening control at the time of exposure, 

[0086] In parallel to it, the inclination of the non-scanning direction is calculated by the least-squares- 
approximation method from the measurement value of the focal location in each sample point of 1st 
train 25 A, and leveling control of the non-scanning direction is performed by opening control. Since it is 
a read ahead, equalization on a time-axis is also possible, Moreover, the measurement value of the focal 
location in each sample point of 1st train 25A is memorized, and focal doubling is performed by opening 
control at the time of exposure. In addition, as shown in drawing ..12. (d), when the scanning direction of a 
wafer is the direction of -Y, all the measure points of 5th train 25E are chosen as a sample point. 
[0087] By this method, since a sample point can secure nine points in 1st train 25A, there is much 
amount of information and the improvement in precision is expectable, Moreover, since a sample point 
is one line, it both has the advantage with an unnecessary calibration that management of responsi bility 
can be performed. On the other hand, when it measures directly about the sample point of 1st train 25 A, 
in order to expose the edge of each shot field, the distance (run-up scan length) which should be scanned 
becomes long, and there is un-arranging [ to which a throughput falls ]. Moreover, since it is opening 
control, there is also un-arranging [ that the check by the multipoint focus location detection system 
cannot be performed ], 

[0088] (H) By the division read-ahead controlling method this gentleman formula, as shown in drawing 
12 (e), also make the even-numbered measure point of 3rd train 25C in the exposure field 24 into a 
sample point to the exposure field 24 in a scanning direction (the direction of Y) by making the odd- 
numbered measure point of 2nd train 25B of a near side into a sample point. And in the sample point of 
2nd train 25B and 3rd train 25C, all the values of a focal location are beforehand measured before 
exposure. Then, equalization processing and filtering processing are performed, phase lag is expected, 
and it controls by opening control at the time of exposure. Namely, the measurement value of the focal 
location in the sample point of 2nd train 25B and 3rd train 25C is memorized, the inclination of the 
scanning direction is computed from the value of the focal location measured on the time-axis, and 
leveling of the scanning direction is performed by opening control at the time of exposure. 
[0089] Moreover, the inclination of the non-scanning direction is calculated by the least-squares- 

http://www4jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/23/2007 



JP,06-283403,A [DETAILED DESCRIPTION] 



Page 16 of 17 



approximation method from the measurement value of the focal location in the sample point of 2nd train 
25B and 3rd train 25C, and leveling of the non-scanning direction is performed by opening control. 
Since it is a read ahead, equalization on a time-axis is also possible, Moreover, the measurement value of 
the focal location in the sample point of 2nd train 25B and 3rd train 25C is memorized, and focal 
doubling is performed by opening control at the time of exposure, In addition, a sample point is chosen 
from the measure point of 3rd train 25C and 4th train 25D when the scanning direction of a wafer is the 
direction of -Y, as shown in drawi ng 12 (f). 

[0090] By this method, since 2nd train 25B (or 4th train 25D) is close to the exposure field 24, while 
being able to lessen run-up scan distance for exposing the edge of each shot field of a wafer, there is an 
advantage that management of responsibility can be performed, Moreover, the check of the result of 
having controlled the exposure side by opening control from the measurement value of the focal location 
in the sample point of 3rd train 25C at the time of exposure is possible. On the other hand, there is un- 
arranging [ that the calibration of the focal location in the sample point of 2nd train 25B and the focal 
location in the sample point of the 3rd train is required ]. 

[0091] Moreover, by the full read-ahead controlling method, as shown in drawing 13 (a) - (d), a more 
exact automatic focus and auto leveling control are performed by changing the sample point of under 
exposure initiation and exposure and the focal location just before exposure termination. That is, as 
shown in drawin g 13 (a), when the shot field SA which should be exposed arrives at the location of 
spacing D (it is the same as the width of face of the scanning direction of the exposure field 24) to the 
exposure field 24, measurement of the focal location by the multipoint focus location detection system is 
started in the sample field 42 of spacing D from the exposure field 24, An example of width of face D, 
i.e., the width of face of the scanning direction of the exposure field 24, is 8mm. Then, as shown in 
drawin g 1 3 (b), when the point of the shot field SA contacts the exposure field 24, leveling control of the 
scanning direction is performed based on the measurement value of the focal location in the detection 
region 44 between two sample points on a wafer, and automatic focus control is performed based on the 
measurement value of the focal location in the detection region 45 which consists of one sample point. 
[0092] Next, as shown in drawing 1 3 (c), when the point of the shot field SA goes into the exposure field 
24, leveling control of the scanning direction is performed based on the measurement value of the focal 
location in the detection region 44 between two sample points on a wafer, and automatic focus control is 
performed based on the measurement value of the focal location in the detection region 45 between two 
sample points. Moreover, as shown in drawing 1 3 (d), when the shot field SA comes to cover the 
exposure field 24, based on the measurement value of the focal location in the wrap detection region 44, 
leveling control of the scanning direction is performed in the exposure field 24, and automatic focus 
control is performed based on the measurement value of the focal location in the wrap detection region 
45 in the exposure field 24. 

[0093] On the other hand, also by the division read-ahead controlling method, as shown in drawing 13 
(e) - (h), a more exact automatic focus and auto leveling control are performed by changing the sample 
point of under exposure initiation and exposure and the focal location just before exposure termination. 
Namely, as shown in drawin g 1 3 (e), when the shot field SA which should be exposed arrives at the 
location of spacing D / 2 (1/2 of the width of face of the scanning direction of the exposure field 24) to 
the exposure field 24, measurement of the focal location by the multipoint focus location detection 
system is started from the exposure field 24 by sample field 43B of spacing D / 2 outside from sample 
field 43 A of spacing D / 2, and the exposure field 24 to the inside, Then, as shown in drawing 13 (f), 
when the point of the shot field SA contacts the exposure field 24, based on the measurement value of 
the focal location in the wrap detection region 46, leveling control of the scanning direction is performed 
in the exposure field 24, and automatic focus control is performed based on the measurement value of 
the focal location in the detection region 47 which consists of one sample point, 

[0094] Next, as shown in drawing 13 (g), when the point of the shot field SA enters in the exposure field 
24 only in width-of-face D / 2, based on the measurement value of the focal location in the wrap 
detection region 46, leveling control of the scanning direction is performed in the exposure field 24, and 
automatic focus control is performed based on the measurement value of the focal location in the 
detection region 47 of width-of-face D / 2. Moreover, as shown in drawing 13 (h), when the shot field 
SA comes to cover the exposure field 24, based on the measurement value of the focal location in the 
wrap detection region 46, leveling control of the scanning direction is performed in the exposure field 
24, and automatic focus control is performed based on the measurement value of the focal location in the 
wrap detection region 47 in the exposure field 24. Drawing, 13 shows that run-up scan length (= D/2) is 
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made to one half compared with the perfect predicting method by the division predicting method. 
[0095] In addition, in the above-mentioned example, in order to measure the focal location of the 
multipoint of the exposure side of a wafer, the multipoint focus location detection system which projects 
on a wafer the opening pattern image of the shape of a slit arranged two-dimensional is used, Carrying 
out a deer, the image of the pattern which is the shape of a slit long and slender in the non-scanning 
direction may be projected on a wafer, and the 1 "dimensional focal location detection system which 
measures the focal location of the whole non-scanning direction may be used [ instead ]. Moreover, even 
when measuring distribution of the two-dimensional focal location on the exposure side of a wafer using 
the focal location detection system of an image-processing method, highly precise focusing and highly 
precise leveling can be performed by applying the same division read ahead as the above-mentioned 
example etc, Furthermore, leveling actuation of only the non-scanning direction may be performed in 
this example, without performing leveling actuation of the scanning direction to the leveling error of the 
non-scanning direction, since the leveling error of the scanning direction is small so that drawing 17 may 
show. 

[0096] In addition, of course, configurations various in the range which this invention is not limited to 
the above-mentioned example, and does not deviate from the summary of this invention can be taken. 
[0097] 

[Effect of the Invention] According to the 1st fiel d location equipment of this invention, in the projection 
aligner of a slit scan exposure method, the error by the irregularity of the front face of a sensitization 
substrate, the measurement precision of a multipoint measurement means, air fluctuation, etc. is 
amended, and there is an advantage with which the exposure side of a sensitization substrate can be 
doubled in parallel with high precision to the image surface of projection optics. 
[0098] Moreover, when the sensitization substrate is scanned through the substrate side stage and a 
multipoint measurement means samples the height of the sensitization substrate in two or more measure 
points by the datum reference of a substrate side stage, the tilt angle of a scanning direction can be 
measured more to high degree of accuracy. Moreover, in measuring the height of the sensitization 
substrate, respectively in two or more measure points when a multipoint measurement means becomes 
from two or more points in the field of this side at the time of a sensitization substrate being scanned to 
the inside of two or more points in an exposure field [ **** ], and the exposure field [****] of those 
about the lighting field and the projection optics of a predetermined configuration, there is an advantage 
which can shorten the run-up scan distance at the time of initiation of exposure by division read-ahead 
control. 

[0099] Moreover, when a multipoint measurement means changes the location of two or more measure 
points to one shot field of a sensitization substrate one by one in the process which exposes the pattern 
of a mask one by one, both leveling precision and a throughput can be improved by using together for 
example, a division read ahead and a full read ahead, Moreover, according to the 2nd field location 
equipment of this invention, in the projection al igner of a slit scan exposure method, the error by the 
irregularity of the front face of a sensitization substrate, the measurement precision of a multipoint 
measurement means, air fluctuation, etc, is amended, and there is an advantage with which the focal 
location of the exposure side of a sensitization substrate can be correctly doubled to the image surface of 
projection optics. 

[Translation done.] 
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[Filing Date] June 14, Heisei 1 1 (1999. 6.14) 
[Procedure amendment I ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The scan exposure approach, field location equipment, a scanning aligner, and 

the device manufacture approach that uses said approach 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Prooosed Amendment] 

[Claim(s)] 

[Claim 1] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask 
in said lighting field on a sensitization substrate, It is field location equipment for being prepared in the 
aligner which has the substrate side stage which scans said sensitization substrate synchronizing with 
said mask, and doubling the exposure side of said sensitization substrate in parallel with the image 
surface of said projection optics, 

A multipoint measurement means to measure the height of a direction parallel to the optical axis of said 
projection optics of said sensitization substrate in two or more measure points including two or more 
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points of the direction which crosses in the direction in which said sensitization substrate is scanned, 
respectively, 

An operation means to ask for the difference of the tilt angle between the exposure side of said 
sensitization substrate, and the image surface of said projection optics from the measurement result of 
this multipoint measurement means, 

It is prepared in said substrate side stage, and has the inclination setting stage which sets up the tilt angle 
of the direction which intersects perpendicularly in the tilt angle of the direction of said scan of said 
sensitization substrate, and the direction of said scan based on the difference of said tilt angle called for 
by said operation means, 

Field location equipment characterized by making a speed of response in case this inclination setting 
stage sets up the tilt angle of the direction of said scan of said sensitization substrate differ from the 
speed of response when setting up the tilt angle of the direction which intersects perpendicularly towards 
said scan. 

[Claim 2] Said multipoint measurement means is field location equipment according to claim 1 
characterized by sampling the height of said sensitization substrate in said two or more measure points 
by the datum reference of said substrate side stage when said sensitization substrate is scanned through 
said substrate side stage. 

[Claim 3] Said multipoint measurement means is field location equipment according to claim 1 or 2 
characterized by measuring the height of said sensitization substrate, respectively in two or more 
measure points which consist of two or more points in the field of this side at the time of said 
sensitization substrate being scanned to the inside of two or more points in an exposure field [ **** ] ? 
and said exposure field [ **** ] about the lighting field and said projection optics of said predetermined 
configuration. 

[Claim 4] Said multipoint measurement means is field location equipment according to claim 3 
characterized by changing the location of the measure point of the sequential aforementioned plurality to 
one shot field of said sensitization substrate in the process which exposes the pattern of the sequential 
aforementioned mask. 

[Claim 5] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field. The projection optics which projects the pattern of said mask 
in said lighting field on a sensitization substrate, It is field location equipment for being prepared in the 
aligner which has the substrate side stage which scans said sensitization substrate synchronizing with 
said mask, and doubling the height of the exposure side of said sensitization substrate with the image 
surface of said projection optics, 

A height measurement means to measure the height of a direction parallel to the optical axis of said 
projection optics of said sensitization substrate in the predetermined measure point in the measurement 
field which consists of a field of this side at the time of said sensitization substrate being scanned to an 
exposure field [ **** ] and this exposure field about the lighting field and said projection optics of said 
predetermined configuration. 

An operation means to ask for the difference of the average height of the exposure side of said 
sensitization substrate, and the height of the image surface of said projection optics based on the 
maximum and the minimum value of two or more height measurement results obtained by said height 
measurement means when said sensitization substrate is scanned, 

Field location equipment characterized by having the height setting stage which sets up the height of 
said sensitization substrate based on the difference of said height which was prepared in said substrate 
side stage and found by said operation means, 

[Claim 6] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical 
axis of said projection system in two or more measure points during migration of said 2nd body, 
It has a setting means to set up the inclination of said 2nd body during migration of said 2nd body based 
on the detection result of said detection means, 

This setting means is a scanning aligner characterized by changing the speed of response when setting 
up the inclination of the speed of response when setting up the inclination of the migration direction of 
said 2nd body, the migration direction of said 2nd body, and the crossing direction. 
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[Claim 7] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical 
axis of said projection system in two or more measure points during migration of said 2nd body, 
The adjustment device which adjusts the physical relationship of the image surface of said projection 
system, and said 2nd body during migration of said 2nd body based on the maximum of the positional 
information detected at two or more detecting points of said detection means, and the minimum value, 
The scanning aligner characterized by preparation 

[Claim 8] Said adjustment device is a scanning aligner according to claim 7 characterized by performing 
weighting to said maximum and said minimum value, and making the field of the request on said 2nd 
body substantially in agreement with the image surface of said projection system. 
[Claim 9] Said adjustment device is a scanning aligner according to claim 7 or 8 characterized by 
adjusting the inclination relation between the image surface of said projection system, and said 2nd body 
about the migration direction of said 2nd body, and the crossing direction. 

[Claim 10] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1 st body 
to an exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical 
axis of said projection system in two or more detecting points during migration of said 2nd body, 
An alignment means to carry out weighting to the positional information detected at two or more 
detecting points of said detection means, and to perform alignment of the field of the request on said 2nd 
body, and the image surface of said projection system during migration of said 2nd body, 
The scanning aligner characterized by preparation ******. 

[Claim 1 1] Said alignment means is a scanning aligner according to claim 10 characterized by adjusting 
the inclination relation between the request side on said 2nd body, and the image surface of said 
projection system about the migration direction of said 2nd body, and the crossing direction. 
[Claim 12] Said alignment means is a scanning aligner according to claim 10 or 1 1 characterized by 
having an independently movable respectively supporting point, adjusting the movement magnitude of 
this supporting point, respectively, and performing alignment of the image surface of said projection 
system, and the field of the request on said 2nd body while supporting said 2nd body, 
[Claim 13] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical 

axis of said projection system at two or more detecting points during migration of said 2nd body, 

It has a setting means to perform a field setup of said 2nd body to the image surface of said projection 

system during migration of said 2nd body based on the detection result of said detection means, 

The scanning aligner characterized by changing the speed of response when performing a field setup of 

said 2nd body according to the passing speed of said 2nd body. 

[Claim 14] Said speed of response is a scanning aligner according to claim 13 characterized by being 
managed with a filter. 

[Claim 15] Modification of said speed of response is a scanning aligner according to claim 13 
characterized by including modification of the servo gain of the mechanical component of said setting 
means. 

[Claim 16] Said detection means is a scanning aligner given in any 1 term of claims 6-15 characterized 
by having a detecting point in the exposure field of the exposure beam which passed said projection 
system. 

[Claim 17] Said detection means is a scanning aligner given in any 1 term of claims 6-15 characterized 
by having the detecting point which is distant from the exposure field of the exposure beam which 
passed said projection system. 

[Claim 18] Said two or more detecting points are scanning aligners given in any 1 term of claims 6-17 
characterized by being separated and set up in the migration direction of said 2nd body, and the crossing 
direction. 

[Claim 19] Said two or more detecting points are scanning aligners according to claim 1 8 characterized 
by being arranged two-dimensional. 
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[Claim 20] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

A detection means to detect the concavo-convex information on the exposure side of said 2nd body, 
In order to perform alignment of the exposure side of said 2nd body, and the image surface of said 
projection system during scan exposure of the exposure side of said 2nd body, it has a setting means to 
perform a field setup of said exposure side based on the concavo-convex information detected with said 
detection means, 

This setting means is a scanning aligner characterized by controlling a field setup which worsens the 
alignment precision of said image surface and said exposure side. 

[Claim 21] The scanning aligner according to claim 20 characterized by detecting the concavo-convex 
information on the exposure side of said 2nd body with said detection means in advance of scan 
exposure of said 2nd body, moving said 2nd body in order to control said field setup. 
[Claim 22] Said detection means is a scanning aligner according to claim 20 or 21 characterized by 
detecting said concavo-convex information, when the positional information of the exposure side of said 
2nd body about the direction of an optical axis of said projection system measures in two or more 
measure points during migration of said 2nd body. 

[Claim 23] Said setting means is a scanning aligner given in any 1 term of claims 20-22 characterized by 
having a control means for controlling said field setup, 

[Claim 24] Said control means is a scanning aligner according to claim 23 characterized by controlling 
said field setup by carrying out filtering processing of the information detected with said detection 
means. 

[Claim 25] Said setting means is a scanning aligner given in any 1 term of claims 20-23 characterized by 
controlling said field setup by having a mechanical component for moving the supporting point of said 
2nd body in the direction of an optical axis of said projection system, and adjusting the servo gain of this 
mechanical component, 

[Claim 26] Said servo gain is a scanning aligner according to claim 25 characterized by being adjustable 
according to the passing speed of said 2nd body, 

[Claim 27] Said setting means is a scanning aligner given in any 1 term of claims 20-26 characterized by 
controlling a setup of the inclination of the exposure side of said 2nd body. 

[Claim 28] The device manufacture approach using a scanning aligner given in any 1 term of claims 6- 
27. 

[Claim 291 In the scan exposure approach which carries out scan exposure of said 2nd body by moving 
the 2nd body to the exposure beam which passed the projection system synchronizing with moving the 
1 st body to an exposure beam. 

The scan exposure approach characterized by changing the speed of response when setting up the 
inclination of the speed of response when setting up the inclination of the migration direction of said 2nd 
body, the migration direction of said 2nd body, and the crossing direction in case the inclination of said 
2nd body is set up during migration of said 2nd body. 

[Claim 30] In the scan exposure approach which carries out scan exposure of said 2nd body by moving 
the 2nd body to the exposure beam which passed the projection system synchronizing with moving the 
1 st body to an exposure beam, 

The scan exposure approach characterized by changing the speed of response when setting up the 
inclination of the migration direction of said 2nd body according to the passing speed of said 2nd body 
in case the inclination of said 2nd body is set up during migration of said 2nd body. 
[Claim 3 1] In the scan exposure approach which carries out scan exposure of said 2nd body by moving 
the 2nd body to the exposure beam which passed the projection system synchronizing with moving the 
1 st body to an exposure beam, 

The scan exposure approach characterized by adjusting the physical relationship of the image surface of 
said projection system, and said 2nd body based on the maximum of the positional information detected 
at these two or more detecting points, and the minimum value while detecting the positional information 
of said 2nd body about the direction of an optical axis of said projection system in two or more measure 
points during migration of said 2nd body. 

[Claim 32] in the scan exposure approach which carries out scan exposure of said 2nd body by moving 
the 2nd body to the exposure beam which passed the projection system synchronizing with moving the 
1st body to an exposure beam, 
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The scan exposure approach which carries out weighting to the positional information which detects the 
positional information of said 2nd body about the direction of an optical axis of said projection system in 
two or more detecting points, and is detected at these two or more detecting points during migration of 
said 2nd body, and is characterized by the thing of the field of the request on said 2nd body, and the 
image surface of said projection system to do for alignment, 

[Claim 33] Said two or more detecting points are the scan exposure approaches according to claim 31 or 
32 characterized by including the detecting point in the exposure field of the exposure beam which 
passed said projection system. 

[Claim 34] Said two or more detecting points are the scan exposure approaches given in any 1 term of 
claims 31-33 characterized by including the detecting point which is distant from the exposure field of 
the exposure beam which passed said projection system, 

[Claim 35] Said two or more detecting points are the scan exposure approaches according to claim 33 or 
34 characterized by including two or more detecting points which separated in the migration direction of 
said 2nd body, and the crossing direction. 

[Claim 36] In the scan exposure scan exposure approach which carries out scan exposure of said 2nd 
body by moving the 2nd body to the exposure beam which passed the projection system synchronizing 
with moving the 1 st body to an exposure beam, 

The scan exposure approach characterized by controlling a field setup which worsens the alignment 
precision of said image surface and said exposure side when carrying out scan exposure of said exposure 
side, performing a field setup of said exposure side based on the concavo-con vex information on said 
exposure side in order to perform alignment of the exposure side of said 2nd body, and the image 
surface of said projection system. 

[Claim 37] The scan exposure approach according to claim 36 characterized by detecting the concavo- 
convex information on the exposure side of said 2nd body in advance of scan exposure of said 2nd body, 
moving said 2nd body in order to control said field setup. 

[Claim 38] Said concavo-convex information is the scan exposure approach according to claim 37 
characterized by asking when the positional information of the exposure side of said 2nd body about the 
direction of an optical axis of said projection system detects in two or more measure points, moving said 
2nd body, 

[Claim 39] Control of said field setup is the scan exposure approach given in any 1 term of claims 36-38 

characterized by including control of an inclination setup of the exposure side of said 2nd body. 

[Claim 40] The device manufacture approach using the scan exposure approach given in any 1 term of 

claims 29-39. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Industrial Application] This invention is used for the projection aligner of the slit scan exposure method 

equipped with for example, the automatic focus device or the auto leveling device, and relates to the 

suitable scan exposure approach. Furthermore, this invention relates to the device manufacture approach 

which uses the scan exposure approach for the field location equipment which can be used in case such a 

scan exposure approach is enforced and a scanning aligner, and a list. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0014] This invention aims at offering the scan exposure approach which can be used in the projection 
aligner of a slit scan exposure method in order to double the exposure side of a sensitization substrate 
with high precision to the image surface of projection optics in view of this point. Furthermore, this 
invention aims also at offering the device manufacture approach that a device can be manufactured with 
high precision using the scan exposure approach in the field location equipment which can be used in 
case the scan exposure approach is enforced and a scanning aligner, and a list. 
[Procedure amendment 5] 
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[Document to be Amended] Specification 
[Item(s) to be Amended] 0018 
[Method of Amendment] Modification 
[Proposed Amendment] 

[001 8] Moreover, as for the multipoint measurement means, it is desirable to change the location of the 
measure point of these plurality to one shot field of a sensitization substrate (5) one by one in the process 
which exposes the pattern of a mask (12) one by one. Moreover, the 2nd field location equipment by this 
invention The mask side stage which scans the mask (12) with which the pattern for exposure was 
formed to the lighting field with the illumination-light study system which illuminates the lighting field 
of a predetermined configuration with exposure light (10), The projection optics which projects the 
pattern of the mask in the lighting field (12) on a sensitization substrate (5) (8), It is prepared in the 
aligner which has the substrate side stage (2) which scans a sensitization substrate (5) synchronizing 
with a mask (12). It is field location equipment for doubling the height of the exposure side of a 
sensitization substrate (5) with the image surface of projection optics (8). In the predetermined measure 
point in the measurement field which consists of a field of this side at the time of a sensitization 
substrate (5) being scanned to an exposure field [ **** ] (24) and this exposure field about the lighting 
field and projection optics (8) of that predetermined configuration A height measurement means to 
measure the height of a direction parallel to the optical axis of the projection optics (8) of a sensitization 
substrate (5) (62A, 69A) 3 The inside of two or more height measurement results obtained by the height 
measurement means when a sensitization substrate (5) is scanned. An operation means to ask for the 
difference of the average height of the exposure side of a sensitization substrate (5), and the height of the 
image surface of projection optics (8) based on maximum and the minimum value (71 A), It is prepared 
in a substrate side stage (2), and has the height setting stage (4) which sets up the height of a 
sensitization substrate (5) based on the difference of the height found by the operation means (71 A). 
Next, the 1 st scanning aligner by this invention By moving the 2nd body to the exposure beam which 
passed the projection system synchronizing with moving the 1st body to an exposure beam A detection 
means to detect the positional information of the 2nd body about the direction of an optical axis of the 
projection system in two or more measure points during migration of the 2nd body in the scanning 
aligner which carries out scan exposure of the 2nd body, It has a setting means to set up the inclination 
of the 2nd body during migration of the 2nd body based on the detection result of the detection means. 
This setting means The speed of response when setting up the inclination of the speed of response and 
the migration direction of the 2nd body of [ when setting up the inclination of the migration direction of 
the 2nd body ], and the crossing direction is changed, Moreover, the 2nd scanning aligner by this 
invention By moving the 2nd body to the exposure beam which passed the projection system 
synchronizing with moving the 1st body to an exposure beam A detection means to detect the positional 
information of the 2nd body about the direction of an optical axis of the projection system in two or 
more measure points during migration of the 2nd body in the scanning aligner which carries out scan 
exposure of the 2nd body, It has the adjustment device which adjusts the physical relationship of the 
image surface and the 2nd body of the projection system during migration of the 2nd body based on the 
maximum of the positional information detected at two or more detecting points of the detection means, 
and the minimum value. Moreover, the 3rd scanning aligner by this invention By moving the 2nd body 
to the exposure beam which passed the projection system synchronizing with moving the 1st body to an 
exposure beam A detection means to detect the positional information of the 2nd body about the 
direction of an optical axis of the projection system in two or more detecting points during migration of 
the 2nd body in the scanning aligner which carries out scan exposure of the 2nd body, It has an 
alignment means to carry out weighting to the positional information detected at two or more detecting 
points of the detection means, and to perform alignment of the field and the image surface of a 
projection system of the request on the 2nd body during migration of the 2nd body. Moreover, the 4th 
scanning aligner by this invention By moving the 2nd body to the exposure beam which passed the 
projection system synchronizing with moving the 1st body to an exposure beam A detection means to 
detect the positional information of the 2nd body about the direction of an optical axis of the projection 
system at two or more detecting points during migration of the 2nd body in the scanning aligner which 
carries out scan exposure of the 2nd body, During migration of the 2nd body, it has a setting means to 
perform a field setup of the 2nd body to the image surface of the projection system based on the 
detection result of the detection means, and the speed of response when performing a field setup of the 
2nd body is changed according to the passing speed of the 2nd body, Moreover, the 5th scanning aligner 
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by this invention By moving the 2nd body to the exposure beam which passed the projection system 
synchronizing with moving the 1 st body to an exposure beam A detection means to detect the concavo- 
convex information on the exposure side of the 2nd body in the scanning aligner which carries out scan 
exposure of the 2nd body, It has a setting means to perform a field setup of the exposure side based on 
the concavo-convex information detected with the detection means in order to perform alignment of the 
exposure side and the image surface of a projection system of the 2nd body during scan exposure of the 
exposure side of the 2nd body. This setting means controls a field setup which worsens the alignment 
precision of the image surface and its exposure side. The 1st scan exposure approach bv this invention 
next, by moving the 2nd body to the exposure beam which passed the projection system synchronizing 
with moving the 1st body to an exposure beam When the inclination of the 2nd body is set up during 
migration of the 2nd body in the scan exposure approach which carries out scan exposure of the 2nd 
body, The speed of response when setting up the inclination of the speed of response and the migration 
direction of the 2nd body of [ when setting up the inclination of the migration direction of the 2nd 
body ], and the crossing direction is changed. The 2nd scan exposure approach by this invention 
moreover, by moving the 2nd body to the exposure beam which passed the projection system 
synchronizing with moving the 1st body to an exposure beam In the scan exposure approach which 
carries out scan exposure of the 2nd body, in case the inclination of the 2nd body is set up during 
migration of the 2nd body, the speed of response when setting up the inclination of the migration 
direction of the 2nd body is changed according to the passing speed of the 2nd body. The 3rd scan 
exposure approach by this invention moreover, by moving the 2nd body to the exposure beam which 
passed the projection system synchronizing with moving the 1st body to an exposure beam In the scan 
exposure approach which carries out scan exposure of the 2nd body, while detecting the positional 
information of the 2nd body about the direction of an optical axis of the projection system in two or 
more measure points during migration of the 2nd body Based on the maximum of the positional 
information detected at these two or more detecting points, and the minimum value, the physical 
relationship of the image surface and the 2nd body of the projection system is adjusted. The 4th scan 
exposure approach by this invention moreover, by moving the 2nd body to the exposure beam which 
passed the projection system synchronizing with moving the 1st body to an exposure beam In the scan 
exposure approach which carries out scan exposure of the 2nd body during migration of the 2nd body 
Weighting is carried out to the positional information which detects the positional information of the 2nd 
body about the direction of an optical axis of the projection system in two or more detecting points, and 
is detected at these two or more detecting points, and it is the thing of the field and the image surface of 
a projection system of the request on the 2nd body which carries out alignment. The 5th scan exposure 
approach by this invention moreover, by moving the 2nd body to the exposure beam which passed the 
projection system synchronizing with moving the 1st body to an exposure beam When carrying out scan 
exposure of the exposure side, performing a field setup of the exposure side based on the concavo- 
convex information on the exposure side in the scan exposure scan exposure approach which carries out 
scan exposure of the 2nd body in order to perform alignment of the exposure side and the image surface 
of a projection system of the 2nd body A field setup which worsens the alignment precision of the image 
surface and its exposure side is controlled. Next, the scanning aligner of above-mentioned this invention 
is used for the 1st device manufacture approach by this invention. Moreover, the scan exposure approach 
of above-mentioned this invention is used for the 2nd device manufacture approach by this invention, 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0019 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0019] 

[Function] In this this invention, in case the mask (12) as the 1st body and the sensitization substrate (5) 
as the 2nd body are scanned synchronously and the pattern image of a mask (12) is exposed on a 
sensitization substrate (5), the height of a sensitization substrate (5) is measured using the multipoint 
measurement means in two or more measure points containing the measure point before the direction of 
the scan. And it asks for the tilt angle of a sensitization substrate (5) by acquiring multiple-times height 
information along the direction of a scan, respectively in the measure point of these plurality, Then, in 
case the pattern image of a mask (12) is exposed to the field to which the tilt angle was called for such, 
the tilt angle of the field is set up based on the tilt angle for which it asked beforehand. Thereby , the 
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exposure side of a sensitization substrate (5) is set up in parallel with the image surface of projection 

optics (8) also by the slit scan exposure method. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0027 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0027] In this invention, in order to remove these errors, the responsibility of the scanning direction of a 
leveling device and the responsibility of the non-scanning direction are changed. It is premised on the 
focal location detection system of the multipoint of an oblique incidence mold as a multipoint 
measurement means for auto leveling devices in this invention. Moreover, it aims at making maximum 
of the gap with each point of the exposure side in the predetermined field, and the image surface of 
projection optics into min regardless of the average field of the exposure side of the sensitization 
substrate in the predetermined field in the exposure field of projection optics. Thus, in the predetermined 
field in the exposure field of projection optics, the exposure field in case the maximum of the gap with 
almost all the points of the exposure side of a sensi tization substrate and the image surface of projection 
optics is min is called "the good field (Good Field)." 
[Procedure amendment 8] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0035 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0035] Next, the automatic focus control in this invention is considered. If the concept of the above- 
mentioned good field (Good Field) is taken in, as shown in drawing 16, precision may get worse by 
performing equalization processing of the focal location of each measure point in center-section 24a of 
the exposure field 24, and doubling with the image surface of projection optics the field shown by the 
average of the focal location. That is, drawing 18 (a) shows field 34A corresponding to the average of 
the focal location of each measure point of exposure side 5a with the crevice of depth H of a 
sensitization substrate, and the difference deltaZ3 of the direction of a focus of the field 34A and crevice 
is large from H/2. 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0097 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0097] 

[Effect of the Invention] According to the 1st field location equipment of this invention, the 1st scanning 

aligner, the 1st scan exposure approach, etc., in the projection aligner of a slit scan exposure method, the 

error by the irregularity of the front face of a sensitization substrate, the measurement precision of a 

multipoint measurement means, air fluctuation, etc. is amended, and there is an advantage with which 

the exposure side of a sensitization substrate can be doubled in parallel with high precision to the image 

surface of projection optics. 

[Procedure amendment 10] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0099 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0099] Moreover, when a multipoint measurement means changes the location of two or more measure 
points to one shot field of a sensitization substrate one by one in the process which exposes the pattern 
of a mask one by one, both leveling precision and a throughput can be improved by using together for 
example, a division read ahead and a full read ahead, Moreover, according to the 2nd field location 
equipment of this invention, the 2nd scanning aligner, the 3rd scan exposure approach, etc., in the 
projection aligner of a slit scan exposure method, the error by the irregularity of the front face of a 
sensitization substrate, the measurement precision of a multipoint measurement means, air fluctuation, 
etc. is amended, and there is an advantage with which the focal location of the exposure side of a 
sensitization substrate can be correctly doubled to the image surface of projection optics. 
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[Procedure amendment 1 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] drawing 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Drawing i ] It is the block diagram showing the projection aligner of one example of this invention. 



[Translation done,] 
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LXmtftWfc (5) fj^fiSnS^^^miOMMJ: 1 ?* 

swwiswrtoBfsottayjSKfev^T, (5) 

^K^Itffl^S (6 2 A, 6 9 A) t, TircSS (5) 

s£ (5) <DMKw<D¥®m%mz tm&m-% (8) 
©fltHwMSfcoJs^*****!?^ (7 1 a) 
ssiiuxf— 'J (2) .cigtt&n, ^tos (7 1 a) 

(5) <D&2Zm%.?Z>'MZ®M*T--i? (4) i^rW 
[00 1 9 ] 

tfFffl) jk^**»w«s i offi&mMfet&mc&^x 

tt, VX^ (1 2) (5) «r(S|WLT*« 

LT^tSS (5) iiCTX^ (12) ©^ 

fc.cj;0. (5) <Offl»ft*«ii>« 0 

*©J:dfc<iS5JftA , #i66ftfcflS«fc:vz^ (12) © 



(5) 



Wffl¥ 6-283403 
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x* * ynftttx* t mm®. (5) ©g^ffi^ss^ 

*3R (8) OflHBCWlL«£SnS. 
[0 0 2 0] Sfe, *SSWTti*©J:^ ftU'OJ 
fT^IRfc, ^f^lSlCH'Jy ^©£&ii« £ , # 

iinKJ:SfffflS»«to*|)iWi-5feA. XU-y bX* 

■v ^f&wo 7 * — ii y y y& tf u > ?'© wmw m 
ic-y^rmmt&o x v v b x++ >»jt35riw>*)tai 10 

®7*-*X.+ 7-fc-yb K gft 

© «k -5 k -&®?t ?&m&t, x y •>• hx* + y§|ft# 

[o o 2 1 ] m 1 4 (a) i4HSitott««£\ m \ 4 20 

( b) i±X U <y b X+ + >SJt?3iCT*8)t-r 5^%^ 
014 (a) iC^'TO, $ftg&©jiftffi 5a© 

{4SSY a , y bRtf y c ©7*- ftx&Bii^n^'n-- 



^©TOW&ffi 3 4 tc$| LXs — A 



•7 i 



OM'A Z 2 



7 * - * X rt 7 -fe >y h g £(i * ft f *l - A Z 1 & rj A Z 

[0 0 2 2] ill 4 (b) ©Jf^Cfi, X*+> 

^|PlfcWLT85^ffi5 a±©Ht©^#W&¥i3ffi3 5 

a, 35B, 35c, mm^Bft^om 

tlSo fct, &fi§Y a , Y bR'jY c T© 



^^^©^fflfc-a- 

7*-*X;*7-fc:>y KKiStt^n^ti^^bSftSTO t 
£So LfrU ffiBY b±©fS^ITMTS©^, 
3 5 BfrP>¥J§0B3 5 D$T©iSS£ A Z B©fgp£7:fr — 
AXjwLlAWfS©-?-, ffflYbiOftt AZB/c 
» 7 * -*X?7 !r]{C fcf 60 § o '/elite * -3 T L * 

*X7t"(S)^A Z A&tf A Z B£Wf60*&J#o;fcffcfc 

[0 0 2 3] BP*>s X ! J <y bX*-V XK^'S^Cfc^T 
14, 74— *X^7-b-y ht^tt**— ^iBRtrF© 
^S^®©(HIOfcWLS{?0 lc&«tf % SMJX-r- 

tf-yf->'^\ 7*—#X7?Fn] (Ztt73 
[pj) ©H®3, ffiS?g?gMS-j*lSMK^-h7t-*X 

£%M%mft, MWc (K r Fi^y^MB) © 



5 c 
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[0 0 2 4] ©7 *- *XaM£§^ S^.S 5 «TRS, 50 
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( 1 ) m>jfai%?$jfli tH^^ An i^f - v'Hiii* 

^ (K r FX*^l/-f^) ©«©MS^KP 

(2) ?^MS«3^-M©*T\ SSfflijXf— 
tELTL$"3ffifflilfc2«»6*nKi£t£, (3) 7^-^X 

*\ asffi^f-— ^jwatfcL*^©-?, 7*-*x^m 

[0 0 2 5] ®^»^©^ffl©fiH{C«fc§^ 
^J^ffiffifiT-fe K> , ®^SS©»>tffiT©7*-* Xffi 

B©ItiJ^WPI{a©ttW^T-fiox u >y h x+ ■ + 

(2) 1 5 (a) Stf (b) iCTjkt £ ? IC , mt 

m&m^m 5 a ±©£*rc-7 t-^xtes^itPJ lt 

f2H^fe«^lS (7t-AX@) 3 6AM'3 6B% 
^fe5iI^©lt»JiS©fflStWTS!j|g^)4fc|eB!T 
f-©7^-*XiB3 6 AtaS?*- *XHt©f 

n©^Mv (2) 7>**yMfc£*-b7*—tix%i®R 

m-~ b u^v yvmffivfeum&tvm, 7*-** 
t 



[0 0 2 6] C©^, 7t-*Xf4B^S.Mfl® 

Hi 5 (c) fc^«k9ft^fHliiniSSIi:, 0 1 5 
( d ) fcjjft ck 5 y i: }c «fc *) »ss n§ 0 

EP%, 015 (c) Kfclf^T, ffi«3 7AJi, S^SS 

©JtoteiB 5 a ©-a©gp iMRWiw^aie^jsofliiB 
i c -a- 1 j & 5 fc 46 © 7 * - * x tj is] ffl © ik a m n ( 1 m 7 

*-*X{iHM^) ^r^L, ffl!3 8A(t H^S 5 a 



%7FC?a mU3 7 At^LTfffllS3 8 A f±— ^©^|g|/£ 



:1 u i. I* ' 



5o RlfiUc, El ! 5 (d) {CfeV>T, iffi,^3 



7 4-.*XfiKiH^s 



3 8 Bti s il^iffiS a©— 



BicMbxmm3 8B<Dmm w-tw y) &~im 

[0027] ^mn<Dm i ©ffifits^^T*tt, en 

©il$T©^Sffi©iI^ffi©¥£i W*ffi%#ffi-r 5 © 



Q 

)K7-r-;l/K* ^47Y-^F (Good Field) j t 

[0 0 2 83 m 1 6 Kjf? J; o tc, x U *y httto 

7^~;UF2 4ft£7*-#Xffig©£2&<Oft$]j& 
0?7O *>fel.i:ilt§ 0 01 6te*J^T, «y£ll«± 

;l/K 2 4 {c^LTY73i*]{CjiJgV//3T-^4-rstOi: 

Lt, 73 >y h S A ij (O X * ■¥ 775|fi]<Dffi£ W Y , 
I^X4--V>'.7;fP!©B%WX, Kft7^-/bF2 4 <OX+ 
■V^lRliOjf^Dt-rSo RJt7 -f K 2 4 F*J 

^^'Lv^2 4 a rt©£$£Qff$^T*(D7*-#X{SH 

*¥^t-rsc ttj; f) H myty-{-)\< k 2 4 o^^jS 

F 2 4 C0X4--+ y73fo]<DpSOlt»J^2 4 b, 2 4c 

)t7 4 -)l F 2 4 + y£|fi|©W«©ttiWflWt 2 

4 b, 2 4 crtCQi+$Jj&T«7*-#X{ug,J;Dii'h£ 

*3ir (ft tc S-J T ■¥ tS) W * ® O # 7 + -v 775|p] co^ff^ 

y^o*S»JSift»i& f m [Hz] , #**+>2nRi0)u 

>^<0*S»«»tt* f n [Hz] > LT, f mStf 

[0029] * lt, asytis«±©^3 y mk«s a u 
gkdkw y (#x** 775 isj «> mm®®® vmmicffis. 

f3) £<Dtt<0&t l/T*tf»)><5*-* FT*L, ^ 
©JSJWW**** 0 >WW$ S^ig)t7 -i" — ;1/ F 2 4 fj© 
£it$l£T£>7 X-+-T 7 L/c*§&<D7 

*- * x^M ©¥^€>*§&iS t > 7 Lfcif-frco 

7 ' A XnS; 



7 S ffitf 0 /<5 > ~ $ F tWf Sit* t Ltlt. 

BP'S, 2KiW*JiLT^<6, 
F=WD«II/WY (!) 

S = 7 * - * MFMnmxW/ F ( 2 ) 
[0 0 3 0] I 7 (a) tt, X^-V 773fo]C0l/^U 7 
iftDJS?SHKB f m, + 773fSjO L^ V 77" 

©J5SHI»» f n #3 L < fiO*^i§£<Dfftl# 0 ^ 
7-7 Ffc^f §^M^7 7-7 S£HL, MA Hi 
#X*^>?ufS]T©Ks^7^-^ S, MB lttlPX 
77j|o3C0|Sg^7^-7 S 4 J ^a^^7*-AXii 
M©-¥^iSOiS^Hf , M A 2 JiX4H' 7#|pJT<7)PS 



30 



(6) ftm*? 6-2 8 3 4 0 3 

10 

/^7~7 S> MB 2S±X4M*7/jfR|CDSSM^v7- 
7 S *Oja«O7*-*^ll|g<0 s F^**3!St". MA 

1 RtfM A 2 A<*n^n«t DfflHWfc? * -^xm-m 

#ffit> LTV^ 0 7-7 F ©HAWS < atoWOHfl© 
HJWtf/hS^fctrfctt, X*t 77?!p1«U^U 77*ijffil 

57-7 S^O. 5 JxT fc * S J; 9 fc 7 1 - * X^*< 

C LC^\ X+-V 7^[p1&D"IPX+1»;73 

I p] ±f* t L T 7 * - ij X -X f 1/ \ 
[0 0 3 1 ] -77, 0 17 (b) }i> X-++77irolCDU 

>^©j6aFH»ft f m^x+i-y^cu-^y 7 

^Oi£*aiS«[ f n J: •? < , R-omfc®®®.®. f m 

M^7/ — ^ S S-^L, S^A 3fi#X+-V773!p]T6D 
20 P,Ma,7^-7S. TOB 3til^ + +>73lSl«ii»tO 
7*—tl7,WM(D¥-£}B<r)W!ttBs MA 4 «X*+ 7 
75lPlT<D!SM;^ 7-7 S % MB 4 777[n]T 

o5i«<07 x^M»wif«^ffl%^'ro ea 1 

7 (a) ^117 (b) t<omU.*), 
(0 17 (a) ) ©»^J:»)t*SaFJSifi«ft^hSV (0 
17 (b) ) ®-&<Dm\ ^/^7-7S^0. 5£ 
ifi<*oT*3D, 7t-*X^M«/J^Sl/^ 
So Crari, :l?'cSS±C>ll*H'V!iLHIiC^- h L-sU 7 

TWPItf iiffi-T « t> X U -y h«£DM)^7 ^ K 2 4 



7 



[0 0 3 2] Sfc, 0 1 7 (b) COffljTii, X + +777 
^]cD7-7J yy©]£»JB»tt f m^#X++ yJ5fa<DU 

*V V y©J6»H«tt f n «k 0 A < IBSSttT^So C 
n«> FOWSoTt, X+ 

+ 773(plT{iXU v HHtJCi;TimWtJIIJW* , jS< * 

40 ft», #X++77a[o]<fcD tX*^77olPlTl«<t5^ 

[0 0 3 3] Sfc, h U^U >7«Mffl©^I« 

^ps*\ jfcmsjBttcjiwswtiaiBJtt** (8) ic 

BLT«!ftft«)tt1ll« (2 4) rtcaRC/SUSLtf^OW 

s&i?wrttWLTi*ii (5) tfjtasnsis 
t, s^as (s) ©sss^n^nw-wf 

tt > f-M©f tSWjSfc fei* ~'T m#mc 7 1 - * xfizHOft 



50 



(7) 



1! 

[0 0 3 4] $/c, zozmm^mK myt&& 

(5) CO 1 -OCOi/a y hnH^il^VX^ (12) <D/* 
£ - > % 8ftf 5 MM IC *5 l^T, ili^ * ft 6 £S <D at 88 

■fypmowmzft o o c tuc j: d , y y 

So 

[0035] *fzw<om 2 ©wfiMs^atcfe 

J?47V— ;UK (Good Field) WflfcSaSfll?) 
0 I 6 !c.,frr J: -3 ggTt^^- 'b F 2 4 CD4i^g|5 2 4 

Ts 7 * -* X&BcD¥J$iiT^£ftS®£$^ft 
¥3RO*ffi S cD T , ttAWMMt? S BJ £tt # 
feSo EPS, 118 (a) tt, &ftStE®$ SHCOHSP 20 *fctf/J\S < ftoWS. 



1U 



<N5f H¥ 6 - 2 8 3 4 0 3 
12 

* - hl/'S U yyUMftft? i:RI$fc, 0 18 ( a ) CD¥ 

j^fbfflaKScJ < h 7 * iiTsWmm \ s 

( b ) <DM*M t fl/hfl £ ©JJUSftfc*^ < tf- h 7 * 

sRa/^^-^sowtts^n^nBii 9 (a) r# 

(b) !c)fvtc ¥^bffiafcS-cJ<@ 1 9 (a) 

fcfct^T, ati^A 5 sob 5t± j en ; e'n^x*-T'>7 ; 3^ 

'httfc<WSfflK:»'3<H 1 9 (b) Kfe^T, ft^A 
7Rtf B 7 (4 J ttl j en^*+>'^ri6il©jRM/<7>«-^ 
S , ffllf. A 8 St/ B 8 fcfc * ft€' ft 7 *• -r y /3 rpJ<D8IM/' ^ 

[0 0 3 9] HI 9 (b) «l;t>Wfr4J:3fc, ft^ili: 
g/J^tfiD^iffcS-^l/^T^- I- 7*-*^#J»*afc 

SJBSSfflffcfc^T, K3e>*7*«-*S0fttfO. 5fC 
iff < 4 o T I ^ 5 t n ><~- , ¥^ fcfflS V * T*-h 7 



OSS»S5 a £D#t+iJ/^i07^-*XMiWi5?ffi 
fc#j5-r5ffi3 4 A*/TsL., ^cDE!3 4 A £ K]§|3i:cD7 
^-^X^ftcDgA Z 3«, H/2 

[0036] cn\cAiLr^mnvctsv^x\u Mftmb 

5 fct" So 0 1 8 (b) ^-SS^ 
CO 7 ^ - i] 7s ii m Z 34B ii O J: o \ C g t £ t ft ? 

•So 

Z'i<!S = (Ziax + Z sin ) /' 2 (3) 

[0 0 3 7] ^Offi3 4 B^S»**5fiOfl 

i:(D7^-— *7.^|p]£DMA Z 4 fc, ®3 4 B fc^tDffigf. 

t<D7*~ Ax^ipj^MA z 5 ttt, ztnznmsu/ 

2(c4oT^S 0 Bfio, 111 8 (a) (Dffi3 4 AfClt^ 40 
TBI 18 (b) <D® 3 4 B©£*<, S^ffiS a±cD§^ 
!cfontS7^~*XfAB^ISMcOS^;l'g^jNS < 4S/c 
fe, MS:7^"-;VF (Good Field) COftfc&jtT-^ * 

[0 0 3 8] Mic, 017 (a) <0j;9!C X^-Y-y^ 
[p] £0 ij y ^ cd m m. f m i; If X * y 7j f&l CD U 
U >' ycOit^Ji »[«[ f n t L < &0± #< 

Zis = (M • Z«, +N ■ Z.,» ) / (M + N) 
[0 0 4 2] 50 [ 



[0 0 4 0] S/c, 0 1 5 (a) RU (b) icMD, Br 
^cr)I+iJM«l*|COltiJ^Ti# b n/c 7 t-il ZtiLW<D® 

»<0»*«iLfc»-&tca:, 015 (a) fc^fJ;^^, 



M 2 • A Z a 03[ft^ 0 SS^ffl 5 a £ft LT 
R^:fflt£07*-*7s{aBCDMjb s A Z a CDS 3 6 A* s 
myt¥3k<D®!MlC $tt So -7?> S*H2 ■ AZ 

a cDfttf 0 SKJtSS 5 a (C*f L'C^ #fc-en 6ft 

h7^-* XfilfP^fT -3 #fc , t# 6 tlfc 7 * Xfi 

015 (b) (C/Tti;9lc, liiZc (>2 • 
A Z a) ©«Hrt"P**ttfrS©7*— #XffiH©3g# 
A Z b (> A Z a ) <D® 3 6 B ^S^^cD#ffi£C^ 

-h7*-i3 ZMWZfi i Tift--? -A —h Ximft'hS < 

4So 

[0 0 4 1] *fSW"Ptt, (7*-AXffiScD» 

y'vliS Z +7*— #7s{4gcDg/Ni8Z..» ) /2T*^ 



gpcDjsjn^cD#^;?ifi^g* $ ns%a-tfcs 0 tie o 

T> ^CD^MStfN^-ffli^T, .^ztcDi^^Jt^iJE 
^T^*S7*-*7.{fiSZ« cD®%#liffi(C^*>^S<fc 



^ a ^ 
( 4 ) 



(8) 



'V 



13 

?®,wtz>„ *%mmit. xu-> Fx**yjtft#sw> 

&ijcoiai5i»tiiS^^L, C<£>0 1 ic&iAT, BfiM 



t/af- 



t>m%m-% 8 fcrt- IT^xa 5 li:S«c?ft§o 

C CO^, Mftft E L (07 U h tfOBBflllflWSfcft L T, 
•5iJ) K— SjaftVT^S*tl*OKPJ}flUT, fXM 

[0043] Uf - £ ;U 1 ZTkJS^ x/ >> 5 ©IKilj^ irj^ 

ttffitSltft^lSl) WBftiftft Ut < -^;1'Y»7.t- 
>>'] O^itfi^'ft, CcDPf-^/uYiKilXr- 1 0± 

M-J^i3Xr-^i liEU^/Fi 

-w^x^ip], y ^iRj&tfdi^iPi (e?3iPi) K*n* 

|p], Y^islSt/e^ipjcDiiK^x^-^nTt^o T- 

[0 0 4 4] ^XM^fffc 1 ±t!4, Ytt7^(olfC 



±ic X IiS^Ib] fcSSij g <7 x/ \ x fflSKi) X -r- i>' 3 ft 
MMc tl, *©±te Z y^ U y^Ta—V 4 rtflfitf 6 
n, lOZ ij > ^7. r— ^ 4 ±tc «7 X/ \ 5 #£38S 

tet>fciM*7>yH£s*u ^gfsicsaB^n/cT^it 1 3 

0 TSfaSXfifBtf *x 7 - S n, r *tt J 3 fc J: D f# 6 ft 

3R2 2 Afit, 9x/NSgIigS2 2 B^/rLT^xysY 

2 , ^XMXMSKilX-f- 7 3 St>' Z U 

y^f-^ 4 eo{fi[«**<>»fiF**jiai-r * 

[0 0 4 5] sfc, tfx/MMO^jMt 1 3KJ:o"Ctt9J 
iJ«-T»It 1 4 t.j;oTIi$j2riS^Sfc j; 

■f-y 4 ±<©<>X/'n 5 ©Jfi^tSipv-^S 6 ftffi&Z 
ftX ^ 5 o £ £OS^v- ^ ^ 6 ± t fig-aS* v - ^> 
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3#[ffl¥ 6- 2 8 3 4 0 3 
14 



[0 0 4 6] *WJO ^ £ ;U 1 2©±7utrt, S^v- 

^ft6±toS*v-^ > y-7-^;l/ 1 2±cov-^ 

tf2 otf*msnT^So ccoii-a-, y^-^;n 2^6 
cD^&^^n^tiyf-^/i/j'^y ^ y 1 oa 

tf 2 0 (C#< fctocDdin] 57-1 5 RLM 6 A^Wlg& 

8 }c j; u ^n^nilfp] 57-1 5 Rtf 1 6 tttta^n 

f 

-So 

[0047] a 1 cd t, 'j v v y^soia^^^ 



02 (b) M:, 02 1 (b) c0^3(5<D/^-y« 
2 fC^T yjg^S 6 2 A^,f; 

L , 0 2 ( b ) ic fr<t <fc '3 fc , / ^ - yBnm 6 2 Aco 

M5 1 ?ij@!ctt9fl©XU 7 h-^<DWP/^-y7 2 - 1 

i~7 2-i stmAstu »2yija~a55>jeK:t* 
n ^ -n 9 fg ®rip/^->'?2 - 1 2-72-59 
i*ntv^o ep^> /^-yffM«6 2 a{c«, ^it 

T-4 5il©X0'y h^cr>raP^^-y*^M$nT*3 



x/ \ 5 <0^@± fc X #S tf Y MtC W L X®!sb \C ?M 



[0 0 4 8] 0 2 (a) 14, *WOa»3t¥?fi8©T^ 
«^x/N5cOS}£jffi£^U CCD0 2 (a) }cfcl^T, 
8 <9P3fl£cD!I^$!3? 2 3 (Cf^M-r 5 X7^Efi]{c 
fiV>®BOWt7-i'— /U F 2 4 rt(C0 1 cD'yf-7^ 1 2 
O/^-yjbMjn, CCT)S7t7'f-/l'F2 4}CML 

TYTjiRi^^x^s^a (x+-\'y) ?n§o *i?ijco 

££7 * — * XfeB^ltb^Jc «t 0 , M*7 ^ -;V F 2. 4 

CO Y 7a.!^0±{|jcD X#|fi]K:#tf fcjfi i ?'JcO 9 ^«It?SM 
A F 1 1 - A F 1 9, m2Vl<DSj:ffl&A F 2 1 — A F 2 
9, 'Wt~J 2 4 ftc0^3 5y®ff$i>£A F 3 1 — 
A F 3 9 , m%~7 4 -)\> F 2 4 CO Y ^<DTiJ«^ 4 ?ij 
OStil^A F 4 1 -A F 4 9&tfSSSjSj0lt9]j£A F 5 
1 — A F 5 9!cfWnX'J -y F WcD8flP^^-ycOf* 

[0 0 4 9] 0 2 (c) Id:, *^<D^jt7 TjXffiB 
«ffi«COS!7 , £;#g 6 9A«i L, C OftJtffi 6 9 A ±CJB 
l?ygtij9lScOS7t^-7-7 5- 1 1 -7 5- 1 9^E 

n, s 2 91 s 5 w s k t ti 9 fflcogftfg 



? 7 5 — 1 2 



75-5 9t>mw$tiT^& 0 



50 yes 6 9 Ate a, &ttt'4 5i«^i?wisw 



its, § 



(9) 
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tffii?ftt^S. Sfc^ ■tn&SJBR'F? 5-1 1 ~ 
7 5 - 5 9±fC*n j fnH 2(a) ©ttffl/SA F 1 1 ~ 
A F 5 9Kta»Sftfc*y 'V htt«fflP^^-ycOff*' : 
M*cfl§o *LT, *>xm 5 <Z>iSftffiT'£W£ttfc 
H2 0Q|slK$ft18lM&6 7fcttJ£t£«»«(T 

[0 0 5 0] ftSJt*^ 7 5 - ! 1 ~ 7 5 - 5 9 tD^ft 

WN®&$ % £ t iC <fc <0 , 7x/s±<7)&ItMf&A F 1 1 
~A F 5 9<D7*-*Xftg(C^jESf 5 4 5»D7*- 

*-*X{aHttBI 1 <D±$W& 2 2 Afcttl&StU ±#l 

sn&2 2 ah:, nfcu^u v?mkx?7*— 

xs X{4KKg-3^TSKSl$!B 2 2 8 St>" Z U y^X 20 
•f - ^ 4 £ ft L X 7 x / \ 5 CO u ^ y y ^ atf 7 * - * 

[0 0 5 1 ] fi£oT, WT-teE! 2 (a) lC7j<t 4 5M 
(D-kXffmM&A F 1 1 ~A F 5 9C07:t-7JXffiB*: 

■5tc, 7x^(Dx^ ^y^ftfcjcscT^ns 4 sficDgi 

T\ 03 (a) iojcf ctoi:, Wi~7<<— ;UK2 4 fcft 
LTY7vSBifc7x/N^7*'Vy-r5ii-&T\ fiO&S5(D 30 
<fc 0 *»«i]$t^*^t7 0 tl^-iC !±, $ 2 ?ij 2 5 B ©ItM 
^0aftt#B08fiWjSA F 2 1, AF2 3, A 
F 2 §MSW£7 -<—)l F 2 4 rt©fl3&#@£>trSJj& A 
F 3 2 , A F 3 4 , A F 3 8 M>'^>:4- 

§o f/c, El 3 (b) fC^fJcdfC, ^7^-;l/F2 
4 tettLT- Y^tc7x/^7.+-V yf 3if-ftT\ £L 

-Dim<D& o txftm'fcWM'ii 3 m 4 w 2 5 

DOffjW^OilFjWIBOmiljSA F 4 1 , A F 4 3, 
A F 4 9 atf8)t7 ■< -1\> F 2 4 A0fflft# g CD 
A F 3 2 , A F 3 4 , ■ • • • , A F 3 8 If^yffr 40 

[0 0 5 23 X'J «v F7*n'yW£0t07.*-# 

xttgcDSt^JHS^fi, 7 x/ \||j©7f~ y<bWtf&MI&z. 

JiL^CXW^lMitLX^ < tcit, *-ne>7*-*X{fiS<D 
mi%mt. Xf— i>'«7*i- y^|p]»StI&t>'#7s4-- 

bi i <d$mw% 2 2 ArtoiattffltKweti*n<Bo £<d 
«fc -3 tia««tifcita'jia**ffli^ , r, isioxAto 

X, MMicm 1 © Z U-K U y^'Xf-y 4 LT 7 50 
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t5«^it SHMlfiiJRfctEo T^-7y;l/--7f W(c J: 

D Z U^'j y-yx-r- i>' 4 ®i&fFftW$£ft3 0 C 
^> ^felt)»J«nrc^t»-c5^TM^7^-;l/F2 4 
fyxnUftMrbri^, El 4 (a) ic^-Tcfca 

iST*7x/\_hcDfSJS2 6 ©7*-#XffiS£Dgt!lJ#fTfc> 
ru *<0»H 4 ( b ) tC^cfc 9 IOi/^CIW 2 6 
IfMffy -f —/l/ K 2 4 F*HC>i L/c 1 1 tc. El 4 ( a ) T 
<Dit»M£*fcg^T> 7xyN±cD^2 6CD7*-* 

[0053] m 5 z y yy'TsT- v a rxs 

f-i/4 0±flBW#ttTffi»tt±E 3ffl03u£2 8 A~ 

2 8 C£fl-LT$8£ttT*$»5, g-$^2 8A~2 8C 
it^n^n 7 t - * X T^iP] ffffiT -S ck 9 ftoT 1/ ^ 
S 0 §5:^ 2 8 A ~ 2 8 C ©f*|SS*rpSf S CticX 
0, Z U^y >'^'Xr->'4±c07XM5c0^fficD7 
*-*XffiS, X+-v>^j[fi]C0^ft 0» &tf#X*A' 

So §1^^2 8 A~2 8 CCDifi^fcfi^n^fn, a^i'i 
<D7*~*X73fB]CD^ffil^:0IJx.^O. 0 I /imgjgCD 

st^jT ; t 5 ra 5 -fe y-y-- 2 9 a ~ 2 9 c ffm 0 

ttlfbtlT^&o 7*-#X#ft (z^rifii) ^co 

[0 0 5 4] Z U^'J yV'T.T—i? 4CDU^y >^i3ff 

±$WI^2 2 A(i7^;l/^gi5 3 0 A 

Stf 3 o b icznztiMtt icmttzftx** y*i&l<D 

KS-g-^tMii-^ 0« 7AU : X^- l ry7 i fr«J®ia5Et-^tffi 
«4ft0v *flUft-r*. 7-r;l/^g|53 0 ARtf3 0 

rcm®ft%mwm3 1 kmu ±$ 2 2 Aiissw 

g|? 3 1 lc (Wia5 ±CD»)feW* t f S PpiicDSS W 
(X, Y) §«T5„ K»g|5 3 ltt, EEtRW (X, 

y) 2 -Dommpi ic&^xmwi^ 3 2 a~3 2 c 
fc8K , f'<s«ffii0i*«*«w&'rSo ^®i^3 2 a 

~3 2Ct liZftgftM Z \L y+r- 2 9 A - 2 9 C : b 
M2 9 A~2 9 C©Sft©ia(*OlII«fe«*&Sn, S 
SEflS 32A~32CfS t ft^ft&'M. 2 9 A~2 9 CCD 

A $ % 3 1 BBi^nfcRStlKSfSo 
[0 0 5 5] Ctiicj: f :\ 7XM5<DEft;35tDX+-f y 

73 [SuDffi^ at^f x+ + y ^iPicDffif ^ tfztiznm 

McDftfclS^n dCD^iC7-f ;l/^SP3 0 Aatf 

3 0 B eyftfctDmWc J: D s X+t y/3 fp]£D u y y 

CDJS^JH^^ f m [H z ] tflfX** y/j|p]£D U >' 
^(DJS^3iJS|f r n [Hz] J; <0 *> K/£ 2 tl T 1/ • 
So -fili: LTX + -T y^lpl^DU^y yy©JSS«BBS 

f mti i o h 2 , ^x++ yTJiPiou^y y^cD^ji 

Etf ni±2 H zT'feS„ 
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10 



*>J\ v. 



[0 0 5 6] £fc % £/&2 8 A, 2 8 B&tf2 8 C^SE 

■snTv^ffiHs^-n^niHBijiST l i , t l 2. atf 

T L 3 t^fc, Bll£T L l&tfT L 2 tt Yltffi 
* 1 iil6±fcEHSn, iEBj,^.T L 3&«)j£T L 1 
T L 2 £<DSK2S?#!g±«cOTLT^S 0 *UT, fi 
R)fc#3RK J: 5 X U h WOMK7 J ~)V F 2 4 tf, 7 
x/N5.h©->'a 7 b*MM$ Aij ±sciuBLT^§&iD>2 

3j£2 8 A~2 8 C-^LT^X/n 
5 <D U 7 fWtUtfr '3 RI»C N f - CO i/ a -y F S A 

0>R£{±, 3JB©5;£2 8 A~2 8 CfcHl^TSttSEffi 

2 

S X~ L« Xb , S X ^ ~ Z * Xe 

S X Z = 1. (A F (X. , Y, ) 

S \ — 2 n \ n » S V 2 — Z* n \ n 
S Y Z = Zn (A F (X. , Yn ) 

(5) (6) a*ffl^T**20^©»JI*ffdo 

A n = ( S X ■ S M Z — M • S X Z) / ( S X 2 — M ■ S X 2 ) 
Am- (S Y • S N Z--N • S Y Z) / (5 Y z — N ■ S Y 2 ) 
I^Sifffclfc >J5fa<D %V8v - (Z. AL (X, 

cDM^ftAL (Yn ) £$36, &Am<fcD, *'MiSift 
iKtcfcfJ^+^y^lRlOmSB^-l}" > >01/ji5 £ 43 tt 5 
JMr+Xfilfi] (Y7?fn]) O Wft A L (X. ) *M&b 
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* [0057] ^(c yifnYfRxfyt—io 

(A) fSf^cogHi?* 

OnSS^y^/l/^YS^Y,, tLT, XtfttlX 
b StfYflMIY. y 7^k£Ttt»j £ ft fc 7 * - # X 
fuHCDiit^AF (X. , Yn ) Tlrf o IE*** 



[0 0 5 8] 
S MZ = £. AF (X. 
X, ) (5) 

SNZ = Z. AF (X. 

Yn ) (6) 



Yn ) , 

Yn ) , 



[0 0 5 9] fLt, 



(7) 
(8) 



^A Ox 



W 4 



So 



or* 



) ) (10) 
[0 0 6 0] (B) 7*—i) X jfigff lilffi 

7i?—i) 7 {fill CO jilt A F (X. , Y. ) £ffl<^7 
<£ 0 7X/\ 5 OJIittffiO^fti: LT©7 *- fcXflHi 
(AF) £ItS2f So 



i = (I- A L (Y. ) ) /N (9) & 

<A F> = (Zn Z, AF (X. , Yn ) ) / (M ■ N) (II) 
[0 0 6 i] <WC, «*«/Jvmaffi"fftt, ♦Ts ^SJ:0 7X/N5O®^fflCD^ftctLT<D7*-* 

/jNffi^n-ri^^^n^nHax( ) ar/mnc ) fcb ♦ xttHAP' s&ftw-rs. 

AF' = (Max (A F (X. , Y, ))+Min(A F (X, , Y. ))/2 



t LT, !1] 4 ( b ) fcjjV* J: -3 §tW$ tlfcMfeJ 2 6 
^H^7 < H 2 4 icit Lfc 1 1 Ktt, ( 9 ) xt 
(! 0) it (12) S©meme« , 8t RtfA 
F' !CS-7'^T, 0 5 <D 3 faoSjS 2 8 A~2 8 C*^ 
n^n^$-b7-9--2 9 A~2 9 CtOltii^m^S'^i: 40 
LT^~7 , 7^-7f|gi] t *ti§o M#^.c s ^- F7 
t-^Xlijfflifi, 3{|C0^2 8 A~2 8 CZmm^B 

[0 0 6 2] gpts s m 5 fctel^T, 18/67 -< -;U F 2 4 
£D*^ tSa28A, 28BCOX TJ^OfalPi^ X , , 
S)t7 4 -)\> F 2 4 (Dty>b£kt%.& 2 8 Cay Xfifaom 

Y ^FlfilOIBIi* Y , , S)t7 -;F F 2 4 ©ff&jS 1 5 50 



1. 1 2 ; 

jS2 8 BcDY7jTS]CDp ( flPa^Y 2 i: LT, ^X^-V 7/5T&] 
Offlftft 0i c0*aSt-S-7'*, ^2 8 A, 2 8 B tH 

M.2 8 c tic^-n^nx, : x 2 toifeawifiioaffi 

$^2 8A t ^ 2 8 B t t^nfn Y , : Y 2 i: 

©Jt-eawifcosffia^*. e> ^ § . 
[0063] $/c, ±iasaasi?{i, 7*--*7i'y.sa 
t>w^ ^s^sstefs LJTito^iMb-r s ©t?^©7 

(a) «57*-*^ffiHOttffl|jS (AFi) T'7 

( a ) OHQB-ett, 5 ©fcKiuST L 1-TL3 {Cfe 
5^©7*-*7^!Sl©!Ef}ll <T L 1 > , <T L 

2> &tf <t l 3> ti^n-f -no (SUSfiiB) t?fe^t 



(11) 
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t&» % LT> %0>9M2 6WRG (b) iCTxt 

otztbiczntimmmtztizn. <tl i > = a . 

<TL2> =b, <TL3> =c, fc|8££ft5 0 C<D 

^StS$2 6 A©7t-*Xi41(i, 13 6 (a) CD^-& 
ftjrb^T A F TSfrgft LTl^Stf, CCD A F ©^ffclt 

asm, at 1 1 ~t l 3t,cmf%mW}m<DBWt) % '&& 



iu 



136 (b) 0:KllTM)&Blf|j£T L 1~TL3(D 

[oo6 4] Hn^, mm z Qicmbxtrfflztitc7*- 

* XfiS, X77 fi<D«»a &tf Y^|S|©«^4fnf 
ftF. , e 3 Me,, £ LT> 1SJ$2 6 AfcHLTtHM 
£ ftfc 7 1 - * 7 fill, X 7? |fi]<DtS*4ft Rtf Y 7j|6]<DfS 

75 ft & tf Y 73 |Sj O H4M * * ft € ft A X Tk XS AY>t5 
fc, 7*— axttBOlflEHA F 1 li^OJ;5lc45, 20 
A F 1 — — F i - 0 ,« • A X - 9 iv -AY (13) 
[0 0 6 5] f-cDtflEMA F I £fflVV6 4: % ffi«t2 6 A 
1 L T ItSJ $ ft 7c 7 * - A XfuB, X73ffi) ©ffif4 A & 
ri Y 75 [^©iW4ft«^ft-f'ft©*liE!tcDfiF„ , 0« & 

Fn = F, ' + A F 1 (14) 

e,x = e,x ' - 9.x (is) * 

f = (V/0) /Lo • (L» /p) 

«o C © J: ') K L T#»fcjCS«iSft v J: *) -rft-ft^-Y 
>'*$7Eft§ = 

[0 0 6 8] ( D ) fjfi 7 ;U 9 U 7 ^ffi 
\kmc{fi{!LPJtmsi r )X\ 7*-AXSiOt77 ,| J 

M$LXfc,mmm ( s ) tra^o^^u 

£&H&G (s) %i!57-Uxffift 
1/CffiSMStF (x) C <7Xa8KliS[ F (x) £ 40 

vOeaiBttG (s) <D— «*H7 (a) t^U *tt 
{cttfrT -SfifcBBMSF (x)^7 (b) KjjVf 0 ffl 

[0 0 6 9] ft*. ±iSfl)"9— ^y-T 7^r£&lM( 
ftfc 7 -< u y JB t xi&®&*mmt 3 o ffiffijf 

ft (BSI^Sft) > ti. 121 5 (c) ©«3 7 ATtk? 
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* 0 ,Y = 0 nY ' - 0 IV (16) 

7xm 5 «S)tffi<DiSiaiS<OfiiKiiafc>fitLriiii 

L-/clS^*' ! g5fc$ftS<DT> atffi ^ftfc 7 ftXfiH 
Rtfttj*ft*»a7-UxS« ( F FT) ffl<D»fl7^ 

0 5©3i@O^.ii2 8 A~2 8 C 

omwi&w-tfyj >*mmcfc£xm^x%%mffi 

1 5o II F F T ffl O^l 7 ;l/ ^ - ^{i 7 * t 
y/o^>ST% -9"— 4?y-ryt4ttffliin^**OT % Cft 

[0066] ( c ) Vr—#?'( ynt&i, 

C C TiiEi 5 O 3 faco^,^ 2 8 A ~ 2 8 C <DS&I!]g|W 

^vttSi, fijlMiiG (s) iittTO^g^ft 

G ( s ) = 1 / (1+Ts) (17) 
f'H L, T = 1 / ( 2 /I v ) , s = 2 /r f i , "(?2&5<, 
[0 0 6 7] ^WS* J: 0 , &&mm V/(5^80mm 
/ s ©ii-a-, y*lR|Oi£arJatttt v 2 H 2 

aiT\ a*t y^iRio^ffljKa v » 1 0 h z tfffii 

tf -y f - p ©iE^iST-S L , 7 xm±<D& ^ a 7 h pI«<7) 

^stjipioss^lo fc-rst, (I?) xt*®,!^ 



cv o 



= (V/jJ) /p (18) 

V >?%)Mtl£, mi 5 (d) £Oft^3 7SM3 8B 

<D7* -*xfitai©fg|g*BTj£jiyett/j%s < 1 5 c t t? 

[0 0 7 0] ±&<D£ o ic^ *mvi* Ox./\<D&i/ a y 

*+>*fT'5*&^ft*. fit*, J C-©BbjtX*+>'ffi 
«l<D^^ffi{COV^rm^-r5« 0 8 (a) fck, 7x/% 
i70va •>■ FfslDcS Am OK)t«:»t>oT*^, NR^M 
!)£0i/3 7 FMi^S A 12 St>*S An ^\lxf-7;l/C0^^— 

y%mytt%M£f)fe&ft'&%^to ccoms (a) t 

fc^T, 7xa?;- Y77fS]{c^atT, 7x/N±£0i/a 

©Hii 7 x a ^ X ttS. t>* Y fi fc W L T $r£> fc ^ •£ 
Tv y KPS S A 12 <D-Tffi<Dj&m®%yt¥% t 

.1 ^Tt^ot^e., -y FMttlcS A 1Z (0 



Tm<?)m&\®mt % rate y ^iri^ibh a l omwrr 

ftftSo f /ft ^OllPjSjiWIfflT.. Oi^WfCteV>T, 
xmO y 73"^^®#»/^^^3- ft S o 
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[007 1] *ronw){wje mm) mm* oibuc, ? 

IB] To ©rat->a <y hfM^S A, 2 MOUf^/l/OM^- 

JWBTi. , «iJSWiaT« StffgftJWIISTn £0 8 (c) 

S'CfM:>^fflT t3 £08 (b) !-CtkT 0 ftfe, U^7;b 
§JT tt m 8 ( a ) « £ r> t K 0 © a y h MJS^&SbT 
§ ftB * ^ ft 46 , U f - 7 ; 1/ iJ © * r- 7 © ^ftijfi Y M 
£f&5ffifjISST*&S<, 3: ft, ^x/NHTtt, ms 10 

(c) t^f«k5t, APMjimnTfi fr*>mmm®T« 

cv o 

[0 0 7 2] JfctflTttffiffljWli:? <r;l/$"J >yS»*fc 

[oo7 3] 9tt. wn (a) <D&?icimmm 

(s) A^Aisn, £©fsjl!M$G (s) <fcD$7-D 
iSEftTH7 (b) (DffliiF (x) C©& 
HB8SF (x) OR^B^a^ax^S-eofiS A L 
£$#>§o l©|3AL^ 13 8 (a) i/Cm't^ 5 fc, 

mo<Di/ay bWMs An ^©Mft©ft&fc£f#>fc$f[i 

[0 0 7 4] £ft, Uf-^;HOAn«iaWIHTi. 

T, "J'X-'NOjlpSBaJWIHTii B$fH (Tn 30 

-Tn ) {i7XMl|JOft^^il*?>o C©i§£, A L 
< (V/jS) (T.i -Tn ) , ©^tttX^-TV b© 
(STtftS&^tf, AL> (V//3) ( T ri —Tn ) , 
© t f « 7, 7° -/ h ©ffiT t ft § o ft *5, A Y = A L 
™ (V//3) (T». -Tt, ) , -ea^tlSfi^ A Yiiffl 

ffiiinii LTiaaLTfe, £jiKi«&G (s) tmuoy 

c n 6 ©7 ;u 7 U > 7'*t7 o c 1 1 £ 0 , 7 * - 

•So 

[007 5] #w©xy h ?<3r j r ywytJ53t ( v 

m t # § , £ $ 7 * - * x®m® w ^ © tt 

i]jiS*«+f-> / 7 > ;^C!BEa^^l^T5o 5fc1\ 02 

(a) (efe^T, £/&7*-#XffiS$m^fcJ;StHW 
IA F 1 1 ~ A F 5 9©f*JT\ X'J •>' h^<DjR^7-C- 
;{/F2 4 iHmm&h F 3 ! ~A F 3 9 <D7 * —t) ZQ. 

mmmmmm^^ wmm&A f 3 1 ~a f 
•^traaieo rat3tttii*ij»ftj fcisw^tn so 
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'60 HiC, *^J07XM07.+-vyaY73fpi]Xa-Y77 

mm, ®ftmi"^)y?iwi Rmmimmtm^ 

RTStsfCftSo 

[0 0 7 6] fti^lifHtii, 02 (a) 5Cj;?07X 
M^^7-f K 2 4 {CftLT- Y7?I^vC7^-V >T 
Zm&lCl^ fe&<D^m<D$tm&A F 4 1 ~A F 4 9, 
A F 5 1 ~A F 5 9tpfrZ>$>y-y7°)l&%M1Rt&Z.t 

(s) fc^LT, mm<D&®mmmcM? % wmmt 

\ l-G (s) I tft5 0 fflU dOiiSt^Mfcafiffl 

ilft fc 7 ^ ;b u y i^RiSBSg ktPX-o X v^co X\ 9t 

CCDflMtj 1 - I G (s) I ft COT', fa 4 -fg<D*KjIfii73 
[0 0 7 7] H 9 (a) a«tp]t»CD||) 1 £j4KSijfflIJ& 

f t o ft m£<D&Ut?%7*-*> 'A ffi 11 ir. W^; f 5 A Ml 

3 9 A R tfH m K IS^ ?nf;7t- * 7> (ft B fc JtfiJt 3 
AM! 3 8 B £5* U 0 9 ( b ) {4fttt**]H*fT n fdi 
%<DU®£t%7*-J)XiiLmictt&?zm®4 0 AS 

tfnmmm-£nrc7*- tix^m^n^rr^n a o 
b^u mytiiLmmxmmtf-fnx^&o u-o 

X , »3ttfi[H*'J»0*&« S «ffiB t jS^ffiK t COM F 
a tt, Mt&$!jffjcD *iaC0 a fiSffiK t ilffifiB t COM F 
b coft 4 {g i: ft S„ t-jT, jai*#J»'Pttj|fij 4 fgcofi 
ii^J^r fc ft4±§ C t ^T't So 
[0 0 7 8] LA-U BEfciE^fc^lt, t-hU^'JV 

^©^»fliS8Rttx++ yfifax* i o h z m&tfmm 
aammwrnxii) %<dx\ 9tm.mm*'ffi£. 7* 

+ y^lRlT'tt 2 . 5 H z m&<D7 4 )V9 '■) y 
^Ct t ft 5 o il CO 7 -c ;U ^ U ^ 7"^ffl7 f ;1/ 9 Xtt 
f jiW-t' 7ic ck o Tfr -J t , "7XM(0^3c3iS* 8 0m 
mtLT, 5 (=80/(2^*2.5)) rnrnSgcDS^7*-T 

7^--*7iH:^^To 

[0 0 7 9] ^coftfe, 0 1 7C0il-&t|a!^i{c, 7xm 
±C0->3 7 hMiiS A.j ©X** XftfpJCOjiiafjWftfffitf 
OCOJM]^, X^-\'77J!a]C0fli:coi:tC0ijit LTltt^O 

XfigcO^cO^tfcOilg^ i:, 7 ■ * 7{y,«cr)pJ 
H«tgif§0 l /3 £<D%iX«m- 0 Sft. Etti^!) /^ ^- 
7 F ©JUfflWftft^ <9 colgipS^r 1 Sc^ItU lii>V : 0 ^ 

■7 > - 9 f t h 5 1 * © , 6 #sti» Dftt © 7 * - 

*7l«M©rt©«?dl*/frrPM^7.><--7 s £\ Eft^ 

[0 0 8 0] 0 ! 0 (a) tt, m-ytiiLMPM&l-ofcm 
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# i oh z, #x*-v > y?cofo%m®L'> 

f n 2 H 2 CD^-a-Ofl^ 13^7^-^ FtWfS^i 

yj5fa~?o>M%rt7*-zs, fflSA 1 o&tfB 1 cm 

£t£ X*-\> 773fP]T*£>l*|g;^*~- 2 S %7j%ta "73, 
HI 7 (b) tt, JtttftlWIIi&fTofcJl^T, lOX* 

+ y-HU<n u< '■) y *f<n$MMfflk f mtf 2 . 5Hz, 

#X**773fa©7^U 7^D/£gJi$$(f n#0. 5 

^stiu AHA i iRtfB i i atttifx+vy* 
coos i ] jji±«)fli»cftttaiwiwp{i[ffijin%i8i*-r 
•7 x twk @ < , 0 1 1 * a &*mtt¥ 

sfi-/t*fr 9Ci:fetf5o Bp t> , 0 1 1 (a) *3V^ 
T, 7XMCDRftffi5 a ±0)1$ 5 1^2 6 BfcftLT£ 

^S7*-*^fil[IItttU3S©ji4^tcWLT¥ H'j O "t 7 

7/k£ (AFfi fcfci^T, 4@A LOS$f£^7*-* 

^ti|**Hl«ti«, fit, 0 l i (b) ic** <fc -5 



fc u 7 t"& t>*7 * - * 7 4Wrfa n & , 

[0 0 8 2] £fc, 0 1 1 (c) icffktX^lc, m^tiA 

mmwAxwrnM. t m-yt& t ttm u v >j§£-c\ 7x^co 

MB 5 at 2 6 CtfJjoTt, 01 1 (d) t 
A F Pti^M«C±#-rSfc^T% JfOSSff 2 6CT?fcl 

tv 0i i (e) icmt&*>ic 9tffifr%m&.x*ffi 



(f) fc#.tJ;-Mc, 7t-*X!AF P%3d&fc±ff 
"TSc: fctJ: 9, j etD®Mg|52 6 DXlt-BiMZtircWM 

[0 0 8 8] £*5, ftMfrfflW&Ofr&b'f , W%V>n 

ye&mvmmmzxm. z -Dmmmmvwm* 
c f ) nmmmmm 

£<Djj$X>lt*-h7*-ftXRtf*- h U^U 

fc7 1— AXfiHcQjji^.ffli^T, 7XAOl)tI©7 -t 



1 

■ { > 

A U 
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2 (a) leSfipK, SSft7Y-/UK2 4fC*fLTj£ 

4 l i: LI, ^7 -r -/U K 2 4 rt 

5o •?• bt> ^2 ?ij 2 5 B CD-v u 77;l/^T*(D7 1 -77 X 
ffiBCiI{-MWgi:^3 5fj2 5 CO-tt>7/k^T r '«7*-A 
XfiS©ltPJ|iii:^6s 7XMcDM^ffi7)7^--v 773 IrI 

[0 0 8 4] gfc. ^2^J2 5 8K0^3?ij2 5CW 

77;^t<d7^ - * 7 umco it ini «t ^ 6 a ' i * a s 

\s*yy9Wtvtfi)o 7*— *^*jfflH4, lift 

7 -;!/ K 2 4 P^O^ 3 JIJ<DfWJjSlT07 * XffiS 
Wfr tffl^T7*~A X$i)i!^r^T a c *fc\ 0 1 2 
(b) (C^-rjc^ts 7x^CDX++77?W-Y73[S] 

-9-77;u^(i^3^J2 5CRtfS4JlJ 
»*<1B^T»a6**V 7xA«x^t >W#ic<J: t> 
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